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The TIROS-N / N O M  A - J 

SPACE ENVIRONMENT MONITOR SUBSYSTEM 

R. A. Sea le  

Robert H. Bushnell  

ABSTRACT. The Space Environment Monitor (SEMI, which i s  incorpora ted  as a 
subsystem i n  t h e  TIROS-N and N O M  A-J s a t e l l i t e s ,  i s  descr ibed .  
c o n s i s t s  of a T o t a l  Energy Detec tor  (TED), a Medium Energy Proton and Elec t ron  
Detec tor  (MEPED), a High Energy Proton and Alpha Detec tor  (HEPAD) and a Data 
Process ing  Unit  (DPU). The d e t e c t o r s  are intended t o  provide near  real  t i m e  
p a r t i c l e  d a t a  f o r  use  i n  t h e  Space Environment Serv ice  Center of N O M  and t o  
provide  a long term s c i e n t i f i c  d a t a  base.  
and t e s t  i n s t r u c t i o n s  a r e  given.  

The SEM 

Telemeter codes,  d a t a  r educ t ion ,  

Key Words: Po la r  Orb i t ing  S a t e l l i t e ,  p a r t i c l e s ,  monitor ing,  space.  



1. INTRODUCTION 

The objective of this report is to bring together in convenient form all 
the information on the SEM pertinent to use of the data and understanding its 
operation. The TIROS-N Space Environment Monitor (SEM) makes measurements of 
the Earth's charged particle environment. 
used operationally by the Space Environment Services Center (SESC) of the US 
National Oceanic and Atmospheric Administration (NOM) in Boulder, Colorado. 
The SESC, which is operated jointly by NOAA and the USAF Air Weather Service, 
has the US national responsibility for the preparation and dissemination of 
monitoring and forecasting information on solar activity and the state of the 
Earth's space environment, and the effects of these on man's activities. In 
addition, it is designated as the World Warning Agency by the International 
Union of World Data Centers (IUWDC). Affected activities are as diverse as 
the scheduling of geophysical surveying using the Earth's magnetic field, the 
planning of scientific experiments and the reduction of data from such 
experiments; to the radiation hazards to people in space or, during occasional 
giant solar particle events, to passengers and crew of high flying aircraft on 
polar routes. 

The data from the SEM detectors are 

The TIROS-N polar orbit affords the opportunity to make direct 
measurements of phenomena at high latitudes where the Earth's magnetic field 
geometry permits the free access of charged particles to the polar cap areas 
surrounding each magnetic pole, and to the region where particles trapped in 
the outer magnetosphere can be precipitated into the Earth's atmosphere during 
magnetic disturbances. 

The TIROS-N SEM was provided by Ford Aerospace and Communications Corp. 
(FACC) as a subcontractor to the Space Environment Laboratory. 
major individuals involved is given in the acknowledgments. 
graphic material is fron contractors' publications. 

A list of the 
Much of the 

2. SPACECRAFT AND SEM 

The TIROS-N/NOAA-A-G spacecraft, shown in Figures 1 and 2, is a five- 
sided box-like structure which is 3.71 meters long and 1.88 meters in 
diameter. Four of the side faces are equal in size and accommodate thermal 
control louvers in each face. The fifth side is wider than the other four to 
accommodate the earth-facing communications antennas and some of the earth 
viewing sensors. The spacecraft has a mass of 1421 kg at launch including 
expendables. 

At one end of the central body known as the Equipment Support Module is 
the Reaction Support Structure which includes the last stage launch injection 
motor, an attitude control propulsion system and a boom-mounted solar cell 
array. The 11.6 sq. meter solar array is motor driven to rotate once per 
revolution in orbit so that it will continuously face the sun during the 
daylight portion of the orbit. 

The Manipulated Information Rate Processor (MIRP) processes the high rate 
data from the Advanced 'Jery High Resolution Radiometer (AVHRR) in order to 
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provide s e p a r a t e ,  r e a l  t i m e  ou tpu t s  f o r  Automatic P i c t u r e  Transmission (APT) 
and High Resolu t ion  P i c t u r e  Transmission (HRPT), recorded Global Area Coverage 
(GAC) of reduced r e s o l u t i o n  d a t a  and recorded Local Area Coverage (LAC) of 
high r e s o l u t i o n  d a t a .  By command t h e s e  a r e  read out  a t  t h e  CDA's and 
processed i n  t h e  NOAA c e n t r a l  computer f a c i l i t y  a t  Su i t l and ,  Maryland. 
fou r  d a t a  formats  a r e  put ou t  s imultaneously.  LAC i s  similar t o  t h e  recorded 
HRPT d a t a  of t h e  ITOS system known as VREC, 

The 

I n  a d d i t i o n  t o  format t ing ,  t h e  MIRP adds synchroniza t ion ,  i d e n t i f i c a t i o n ,  
t i m e  code, t e l eme t ry  and t h e  TIROS Information Processor  (TIP) output  t o  t h e  
AVHRR d a t a .  The h igh  r e s o l u t i o n  AVHRR i s  reduced i n  r e s o l u t i o n  by averaging 
techniques  f o r  use  i n  t h e  APT and GAC formats .  The HRPT and LAC are  put out  
from the  MIRP a t  0.66 megabits pe r  second whi le  t h e  APT i s  i n  analog form. 

The instrument  d a t a  which a r e  processed by t h e  TIP inc lude  t h e  TIROS 
Opera t iona l  V e r t i c a l  Sounder (TOVS), t h e  Space Environment Monitor (SEMI, and 
t h e  Data Co l l ec t ion  System (DCS). 
TIROS N (ATN) and have a somewhat d i f f e r e n t  complement of ins t ruments  which 
v a r i e s  wi th  t h e  p a r t i c u l a r  s p a c e c r a f t .  
included.  

NOAA-F and -G have been des igna ted  Advanced 

A Search and Rescue (SARI r e c e i v e r  i s  

The ind iv idua l  instrument  d a t a  rates going i n t o  t h e  TIP a r e  as fo l lows:  

HIRS/2 
s su 
MSU 
SEM 
DCS 

2880 b i t s  per  second 
11 11 

11 11 

11 11 

11 I1 

480 
320 
160 
720 

The TIP d a t a  a r e  put ou t  a s  one channel of s e r i a l  d i g i t a l  words a t  8320 
b i t s  per  second included i n  t h e  r e a l  t i m e  beacon t ransmiss ion  and recorded 
d a t a .  

The NOAA-A SEM c o n s i s t s  of t h r e e  d e t e c t o r  and analog e l e c t r o n i c s  s e c t i o n s  
which feed a common Data Process ing  Unit  (DPU). 
To ta l  Energy Detec tor  (TED), a Medium Energy Proton and E lec t ron  Detec tor  
(MEPED) and a High Energy Proton and Alpha Detec tor  (HEPAD), measure t h e  f l u x  
and spectrum of charged ambient p a r t i c l e s  a t  t h e  spacec ra f t .  I n  a d d i t i o n ,  t h e  
TED and, i n  t h e  low energy p o r t i o n  of i t s  range,  t h e  MEPED measure two p o i n t s  
on t h e  s p a t i a l  d i s t r i b u t i o n  f u n c t i o n  by having two d e t e c t o r s  make d i r e c t i o n a l  
measurements a t  d i f f e r e n t  ang le s  t o  t h e  geomagnetic f i e l d .  

The t h r e e  SEM d e t e c t o r s ,  a 

The d i v i s i o n  of t he  d e t e c t o r s  i n t o  t h e  t h r e e  groups r e f l e c t s  t h e  t h r e e  
d i f f e r e n t  d e t e c t o r  technologies  used t o  cover t h e  wide energy range between 
300 eV and 850 MeV. F igure  3 and Figure  4 show t h e  ou tpu t s  of t h e  SEM. 

The t h r e e  SEM senso r s  a r e  shown i n  F igure  2. The DPU i s  loca ted  i n s i d e  t h e  
Equipment Support Module and i s  t h e r e f o r e  not  v i s i b l e .  
The mass of each,  l e s s  c a b l e s ,  is :  
TED 3200 g ,  MEPED 3200 g ,  HEPED 3300 g ,  DPU 3100 g ;  t o t a l  12800 g .  

3 
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Figure 1 .-TROS-N Spacecraft Diagram 



Figure 2.-SEM on TIROS-N 
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3. TOTAL ENERGY DETECTOR (TED) 

3.1 General Desc r ip t ion  

The TED measures  e l e c t r o n s  and p o s i t i v e  ions  ( o f t e n  assumed t o  be 
pro tons)  i n  t h e  energy range  300 e V  t o  20 keV. Four s e p a r a t e  d e t e c t o r  
a s sembl i e s  measure t h e  n e g a t i v e l y  charged and p o s i t i v e l y  charged p a r t i c l e s ,  
r e s p e c t i v e l y ,  a t  two ang le s ;  one approximate ly  p a r a l l e l  t o  t h e  magnet ic  f i e l d  
a t  high l a t i t u d e s  and t h e  o t h e r  a t  30° t o  t h e  f i r s t .  
view of t h e  TED. 

F igure  5 shows a genera l  

The d e t e c t o r  assembly (F igure  6) uses  a c y l i n d r i c a l - p l a t e  e l e c t r o s t a t i c  
ana lyzer  w i t h  approximately a 13% energy r e so lu t ion .  
impressed on t h e  ana lyze r  p l a t e s .  
whether p o s i t i v e l y  charged ions  (assumed always t o  be pro tons)  o r  n e g a t i v e l y  
charged p a r t i c l e s  (assumed t o  be e l e c t r o n s )  a r e  de tec ted .  
t h i s  vo l t age  s e l e c t s  a band of p a r t i c l e  ene rg ie s  centered  a t  some energy E f o r  
which t h e  p a r t i c l e s  a r e  passed through t h e  analyzer .  

A vo l t age  d i f f e r e n c e  i s  
The p o l a r i t y  of t h i s  vo l t age  de te rmines  

The magnitude of 

The ana lyze r  i s  fo l lowed by a " sp i r a l t ron"  type  channel e l e c t r o n  
m u l t i p l i e r  ( c a l l e d  a channel t ron  i n  F igu re  2) which produces a r e l a t i v e l y  
l a r g e  pu l se  of e l e c t r o n s  f o r  i npu t  p a r t i c l e s  of e i t h e r  p o s i t i v e  o r  nega t ive  
charge,  independent of t h e  o r i g i n a l  p a r t i c l e  energy. It does t h i s  i n  an 
e l e c t r o n  avalanche ( r e g a r d l e s s  of t h e  charge o r  s p e c i e s  of t h e  input  p a r t i c l e )  
of secondary emission. P r e a c c e l e r a t i o n  f i e l d s  of a p p r o p r i a t e  p o l a r i t y  are  
app l i ed  between t h e  e l e c t r o s t a t i c  ana lyze r  e x i t  and the  s p i r a l t r o n  cathode t o  
ensure  t h a t  even t h e  lowes t  energy p a r t i c l e s  produce enough e l e c t r o n s  a t  t h e  
cathode s u r f a c e  t o  be counted. The channel e l e c t r o n  m u l t i p l i e r  counts  t hose  
charged p a r t i c l e s  which have passed through t h e  analyzer .  

A block  diagram of t h e  TED d e t e c t o r  and analog e l e c t r o n i c s  is  shown i n  
F igure  7. The b a s i c  s i g n a l  cha in  between t h e  d e t e c t o r  s p i r a l t r o n s  and t h e  
log ic  pu l se  output  t o  t h e  DPU c o n s i s t s  of l i n e a r  a m p l i f i c a t i o n  and p u l s e  
shaping fo l lowed by a " level  comparator'? There a r e  f o u r  " levels"  i n  t h e  
l e v e l  comparator,  s e t  by t h e  two a t t e n u a t o r  l e v e l s  and by t h e  two r e f e r e n c e  
l e v e l s  shown a t  t h e  r i g h t  s i d e  of F igure  7. Two s i g n a l  cha ins  a r e  used which 
a r e  mul t ip lexed  s e q u e n t i a l l y  between t h e  d e t e c t o r s  a t  0' and those  a t  30'. 
See p. 91 f o r  commands f o r  t h e s e  l eve l s .  

To a l low f o r  t h e  l o s s  of e l e c t r o n  m u l t i p l i c a t i o n  ga in  which occurs  over 
t he  l i f e t i m e  i n  o r b i t  ( b a s i c a l l y  a f u n c t i o n  of t h e  number of even t s  de t ec t ed )  
t h e  channel t ron  g a i n  can be ad jus t ed  by varying i t s  h igh  vo l t age  power supply 
(HVPS); 8 vo l t age  s t e p s  are provided f o r  t h i s  purpose. 
c o r r e c t  s e t t i r i g ,  a crude d i s t r i b u t i o n  of p u l s e  h e i g h t s  from each d e t e c t o r  is  
obta ined  by c a l i b r a t i n g  w i t h  t h e  f o u r  comparator l eve l s .  Provis ion  i s  made 
f o r  t h i s  autotnat ic  "In-Flight Ca l ib ra t ion"  (IFC) under c o n t r o l  of a sequence 
genera ted  by t h e  DPU which i s  s t a r t e d  by ground command. 

To de termine  t h e  

Four s e p a r a t e  bu t  i d e n t i c a l  ana lyze r s ,  mounted i n  p a i r s ,  a r e  included i n  
t h e  TED. 
so t h a t  obse rva t ions  can be made of t h e  d i r e c t i o n a l  energy f l u x  a t  two 
d i f f e r e n t  ang le s  t o  t h e  l o c a l  geomagnetic f i e l d  d i r e c t i o n .  One p a i r  of 

Each p a i r  v iews  charged p a r t  i c  1c.s coming from d i f f e r e n t  d i r e c t  i ons  

8 
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d e t e c t o r s  views outwards p a r a l l e l  t o  t h e  ear th-center  r a d i a l  vec tor  so t h a t  it 
measures charged p a r t i c l e s  whose v e l o c i t i e s  a r e  toward the  e a r t h  a lcng t h i s  
r a d i a l  vector .  It i s  
s t r e s s e d  t h a t  t hese  two angles  are def ined wi th  respec t  t o  t h e  ear th-center  
s a t e l l i t e  vec tor  and have nothing t o  do w i t h  t h e  p i t c h  angle  a assoc ia ted  wi th  
the  charged p a r t i c l e s  being measured. 

The o the r  p a i r  views a t  an angle of 30' from the  f i r s t .  

One d e t e c t o r  w i th in  a d e t e c t o r  p a i r  measures e l e c t r o n s  and a l t e r n a t e s  i n  
t h e  da t a  segment w i t h  the  o t h e r  d e t e c t o r  which measures p o s i t i v e  ions. 
t ime taken f o r  a f u l l  cyc le  i s  two seconds. 
i s  devoted t o  measuring e lec t rons .  The t o t a l  count during t h i s  sweep i s  
te lemetered t o  the  ground a s  a measure of t h e  in tegra ted  (from 300 eV t o  
20,000 eV) d i r e c t i o n a l  energy f l u x  c a r r i e d  by the  e l e c t r o n s  observed by t h a t  
analyzer.  During the  second ha l f  cyc le  (one more second) the  process  i s  
repeated f o r  p o s i t i v e  ions using t h e  o the r  de t ec to r  i n  t h e  pa i r .  

The 
The f i r s t  ha l f  cyc le  (one second) 

For a c y l i n d r i c a l  e l e c t r o s t a t i c  analyzer  being operated a t  a "center 
energy" E, t h e  count r a t e  i s  r e l a t e d  t o  t h e  phys ica l  quan t i ty  j(E), t he  
d i f f e r e n t i a l  d i r e c t i o n a l  p a r t i c l e  number f lux ,  by the  expression 

where CR(E) :.s t h e  count r a t e  and A is a nea r ly  energy-independent number 
cha rac t e r i z ing  the  analyzer.  j(E) i s  the  number of p a r t i c l e s  of energ ies  E, 
coming from a poin t  w i th in  a s o l i d  angle  about some d i r e c t i o n ,  passing through 
a un i t  a rea  or ien ted  normal t o  t h a t  d i r e c t i o n  vec tor ,  per  u n i t  t ime per u n i t  
energy; u n i t s :  p a r t i c l e s  /(cm *s'sr*keV). I n  p r a c t i c e ,  the  d i r e c t i o n  from 
where these  p a r t i c l e s  come i s  spec i f i ed  i n  terms of t h e  "pitch angle" 
between t h a t  d i r e c t i o n  and t h e  d i r e c t i o n  of t he  l o c a l  geomagnetic f i e l d  ( see  
F i g u r e  8). 

2 

Given j!E) one can de f ine  a d i f f e r e n t i a l  d i r e c t i o n a l  energy f l u x  by 

It is seen t h a t  j(E)E i s  determined by t h e  de t ec to r  count r a t e  independent of 
what p a r t i c l e  energy happens t o  be s tudied.  
p a r t i c l e s  converts  t o  the ~ a m e  d i f f e r e n t i a l  d i r e c t i o n a l  energy f l u x  a s  t he  
same count r a t e  would f o r  high energy p a r t i c l e s .  
d i f f e r e n t i a l  d i r e c t i o n a l  energy f lux ,  j(E)E, a r e  energy per  ( u n i t  a rea  u n i t  
t i m e  s t e r a d i a n  u n i t  energy) .  

A given count r a t e  f o r  low energy 

The u n i t s  of t he  

The d i r e c t i o n a l  energy f l u x  c a r r i e d  by charged p a r t i c l e s  ( e i t h e r  
e l e c t r o n s  o r  protons as chosen by the  p l a t e  vo l tage  p o l a r i t y )  having energ ies  
between E1 arid E2 is  def ined by 
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Here t h e  d e t e c t o r  count ra te  CR(E) i s  shown as an e x p l i c i t  func t ion  of 

I f  t h i s  p l a t e  v o l t a g e  i s  v a r i e d  l i n e a r l y  w i t h  
t h e  p a r t i c l e  energy E which, i n  tu rn ,  i s  d i r e c t l y  p ropor t iona l  t o  t h e  vo l t age  
between t h e  ana lyze r  p l a t e s .  
time from measuring charged p a r t i c l e s  of energy El t o  p a r t i c l e s  of energy E2, 
then  a s h i f t  of v a r i a b l e  from t h e  e x p l i c i t  E t o  t h e  i m p l i c i t  v a r i a b l e  t ( t ime)  
may be made and t h e  i n t e g r a l  may be r e w r i t t e n  as 

k CRT 

where CRT i s  t h e  t o t a l  count accumulated by t h e  d e t e c t o r  dur ing  t h e  t i m e  
per iod  when the  ana lyze r  was being swept between energy E1 and Ez. The 
cons t an t  k is determined by a combination of t h e  d e t e c t o r  system s e n s i t i v i t y  
( t h e  cons t an t  A) and t h e  r a t e  a t  which t h e  energy s e t t i n g  of t h e  ana lyze r  i s  
b e i n g  var ied .  

The u n i t s  of  FD a r e  e n e r g y  p e r  ( u n i t  a r ea  * u n i t  t ime  s t e r a d i a n ) .  

Ord ina r i ly  t h e  d i r e c t i o n a l  energy f l u x  FD w i l l  be dependent upon t h e  
p i t c h  ang le  of t h e  p a r t i c l e s  being de tec t ed  ( t h e  TIROS d e t e c t o r  has  a small  
f i e l d  of view and w i l l  d e t e c t  p a r t i c l e s  w i t h i n  a small range of p i t c h  angle).  
I n  o r d e r  t o  o b t a i n  a measure of t h e  t o t a l  energy f l u x  c a r r i e d  by t h e s e  
p a r t i c l e s  through a u n i t  area o r i e n t e d  normal t o  t h e  geomagnetic f i e l d  B, FD 
must be i n t e g r a t e d  over  t h e  p i t c h  ang le  a .  

If FD is  known as a f u n c t i o n  of a a t  t h e  t o p  of t h e  atmosphere,  normal ly  
taken  t o  be 120 km a l t i t u d e ,  t hen  t h e  energy f l u x  through a u n i t  a r e a  normal 
t o  B w i l l  be 

s i n  a c o s a  d a  

0 

The u n i t s  of FT a r e  energy pe r  ( u n i t  a r e a  ' u n i t  t ime).  

For a l l  l a t i t u d e s  r e l e v a n t  t o  t h e  TIROS obse rva t ions  (i.e. poleward of 40 
degrees  l a t i t u d e )  t h e  i n c l i n a t i o n  of B t o  t h e  h o r i z o n t a l  i s  g r e a t e r  than  60°. 
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Thus, i d e n t i f y i n g  t h e  energy f l u x  through a u n i t  a r e a  normal t o  B wi th  t h e  
a c t u a l  energy f l u x  i n t o  t h e  atmosphere w i l l  in t roduce  an e r r o r  of no more than  
(1 - c o s  30)  which  i s  15%. 

The prime f u n c t i o n  of t h e  TIROS-N ins t rument  i s  t o  measure t h e  
d i r e c t i o n a l  energy f l u x  FP f o r  each of t h e  two p a r t i c l e  spec ie s ,  e l e c t r o n s  and 
protons,  a t  each of two p i t c h  angles.  This  i s  s u f f i c i e n t  t o  estimate t h e  
t o t a l  energy f l u x e s  FT f o r  each of t h e  p a r t i c l e  spec ie s  and t h e  sum of t h e s e  
two energy f luxes .  

While t h e  main output  of t h e  TED, as  i t s  name impl i e s ,  i s  the  t o t a l  
i nc iden t  energy f l u x ,  t h e  e l e c t r o s t a t i c  ana lyzer  s o r t s  p a r t i c l e s  by t h e i r  
charge and energy. 
t h e  ana lyze r  vo l t age  i n  synchronism wi th  t h e  d a t a  process ing  and t e l e m e t r y  i n  
t h e  DPU. The t o t a l  f l u x  i s  formed by adding up t h e  so r t ed  counts. 

The energy f l u x  measurement i s  accomplished by sweeping 

For s i m p l i c i t y  of ground process ing  and t o  minimize t e l e m e t r y  
requi rements ,  t h i s  sum i s  done i n  t h e  SEM by sweeping t h e  e l e c t r o s t a t i c  
ana lyze r s  w i t h  a p i ecewise  l i n e a r  ramp vol tage.  
of t h e  sweep. Measurements of a s i n g l e  p a r t i c l e  spec ie s  are made over  a 
1-second period. The 1-second per iod  i s  s p l i t  i n t o  13 equal  i n t e r v a l s .  
Background ( p a r t i c l e  count)  i s  measured over  t h e  f i r s t  i n t e r v a l  (78  ma), when 
the  ramp vo l t age  app l i ed  t o  t h e  e l e c t r o s t a t i c  ana lyze r  i s  set  t o  zero. The 
energy sweep from 300 e V  t o  20,000 eV t akes  11/13 second. 
accumulated dur ing  each success ive  1/13 s i n t e r v a l  f o r  11 i n t e r v a l s .  There i s  
one i n t e r v a l  a t  t h e  end t o  a l low t h e  ramp v o l t a g e  t o  reset. 

F igure  2 shows some d e t a i l s  

Counts are 

During t h e  sweep of t h e  11 i n t e r v a l s  a 5-bit  b ina ry  p r e s c a l e r  i s  reduced 
by f a c t o r s  of two i n  synchronism wi th  inc reases  i n  t h e  s lope,  which i s  a l s o  
changed by f a c t o r s  of two, of t h e  p i ecewise  l i n e a r  ramp vo l t age ,  so as t o  
weight each c o n t r i b u t i o n  t o  t h e  f i n a l  accumulated count i n  p ropor t ion  t o  i t s  
energy con ten t ,  t hus  a r r i v i n g  a t  t h e  t o t a l  energy. 

Of the  11 va lues  genera ted  by a s i n g l e  d e t e c t o r  dur ing  an energy sweep, fou r  
a r e  t e l eme te red  every f o u r t h  sweep. 
d u r i n g  i n t e r v a l s  2, 4, 6,  and 8 c o r r e s p o n d i n g  t o  e n e r g y  bands  1, 3, 5 ,  and 7. 

The f o u r  r ep resen t  t h e  counts  accumulated 

An a d d i t i o n a l  p i e c e  of i n fo rma t ion  der ived  f o r  each sweep i s  t h e  energy 
band number con ta in ing  t h e  h ighes t  count t hus  g iv ing  an i n d i c a t i o n  of t h e  
predominant energy i n  the  inc iden t  spectrum. This  i s  done so t h a t  an estimate 
can be made a s  t o  what energy p a r t i c l e s  a r e  ca r ry ing  t h e  bulk of t h e  energy 
f low and, thus ,  what a l t i t u d e  i n  t h e  atmosphere t h i s  energy i s  u l t i m a t e l y  
deposi ted.  P a r t  of t h i s  i n fo rma t ion  i s  te lemetered  a t  a s lower r a t e  i n  
submult iplexed words. 
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Figure 9.-TED Ramp Characteristics 
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The count accumulated dur ing  a s i n g l e  s u b i n t e r v a l  of t h e  energy sweep 
r e l a t e s  t o  t h e  d i r e c t i o n a l  energy f l u x  w i t h i n  the  l i m i t e d  energy range swept 
by t h e  d e t e c t o r  i n  t h e  1/13-second sub in te rva l .  By d iv id ing  t h i s  d i r e c t i o n a l  
energy f l u x  by t h e  wid th  of t h e  energy band sampled, t h e  d i r e c t i o n a l  
d i f f e r e n t i a l  energy f l u x  a t  t h e  c e n t e r  energy of t h e  band may be obtained.  

Table  1 l i s t s  t h e  d e t a i l s  of each of t h e s e  11 energy bands. 

I TABLE 1. ENERGY BANDS OF THE TED I 
I I 
I I I I I I 

I 1 (eV) I (eV> IFlux ( e r g s / ( c m 2 * s * s r ) >  I km I 
I 1- I L-1- 

IEnergyl Edges of I Center  I Conversion from Count I A l t i t u d e  a t  Which I 
IBand # I  Band I Energy I t o  D i r e c t i o n a l  Energy I Energy i s  Deposited I 

I I I- I e l e c t r o n s  I protons  I I 
I I I 
I 1 I 300- 4581 379 
I 2 I 458- 7731 616 
I 3 I 773- 10881 931 
I 4 1 1088- 17181 1403 
I 5 I 1718- 23491 2033 
I 6 I 2349- 36101 2979 
I 7 I 3610- 48701 4250 
I 8 I 4870- 73921 6131 
I 9 I 7392- 99141 8653 
I 10 I 9914-149571 12436 
I 11 114957-2OOOOI 17479 

I I I 
15.97 x 14.69 x 10'51 
11.19 10-4 19.38 10-51 
11.19 10-4 19.38 10-51 
12.38 x 11.88 x 10'41 
12.38 x 11.88 x 10'41 
14.76 x 13.75 x 10'41 
14.76 x 13.75 x 10'41 
19.52 x 17.50 x 10-41 
19.52 x 17.50 x 10-41 
11.90 10-3 11.50 10-31 
11.90 10-3 11.50 10-31 

>300 
21 5 
1 90 
165 
145 
130 
120 
115 
10 8 
105 
104 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I I I - I I I -- 
The telemetered number i s  m u l t i p l i e d  by t h e  conversion f a c t o r  t o  o b t a i n  t h e  
d e s i r e d  q u a n t i t y  i n  phys i ca l  u n i t s .  

3.2 C a l i b r a t i o n  f o r  t he  TED 

C a l i b r a t i o n  d a t a  a r e  contained i n  t h e  End I t e m  Data package prepared f o r  
each SEM by the  manufacturer ,  Ford Aerospace and Communication Corporat ion 
(FACC) which g i v e s  t h e  r e s u l t s  of ins t rument  c a l i b r a t i o n  performed a t  t h e  low- 
energy p a r t i c l e  c a l i b r a t i o n  f a c i l i t y  a t  Rice Univers i ty .  
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The conversions between these  te lcmetered  va lues  and the  corresponding 
d i r e c t i o n a l  energy f l u x  i n  phys ica l  u n i t s  a r e  given i n  Table 2. 
d i f f e rence  i n  conversion between e l e c t r o n s  and protons r e f l e c t s  a d i f f e rence  
i n  de t ec t ion  e f f i c i e n c y  f o r  the  two p a r t i c l e  species ,  

The 

2 ergs/(cm * s o a r )  per  count - 

I 

I 
I Electrons:  

I Pro t ons : 

I 
1.905 x x OEFD o r  30EFD I 

I 
1 .50 x x OPFD o r  30PFD I 

1- 
I 
I 
I erg/(cm2*s*sr*eV) per  count a t  t he  cen te r  energy 

Di rec t iona l  Energy Flux i n  Each Band 

Electron 8 3.78 10-7 

Protons 2.97 10-7 

3.3 TED Data 

The fo l lowing  a r e  the  da t a  obtained by t h e  TED, t h e i r  meaning, and the  
frequencyltiming with which they a r e  obtained. 

OEFD, 30EFD The TED d i r e c t i o n a l  count from each of two p i t c h  angles  

OPFD, 30PFD the  s a t e l l i t e .  Thece numbers a r e  propor t iona l  t o  the  
f o r  each of t he  two p a r t i c l e s  spec ies  a t  t he  loca t ion  of 

d i r e c t i o n a l  energy f l u x  between 300 eV and 20 keV, 
f u l l  set of four  values  i s  t r ansmi t t ed  continuously 
every two seconds (about 15 km of spacecraf t  t r ave l ) .  

The 

Tota l  Energy The t o t a l  energy f l u x  i n t o  the  atmosphere a t  120 km a s  
computed from t h e  four  ind iv idua l  d i r e c t i o n a l  measurements 
every two seconds. 

ODEM, OEM 

ODPM, OPM DEM o r  DPM of t h a t  count r a t e .  This da t a  set i s  

The energy channel number EM o r  PM w i t h i n  which the  
30DEM, 30EM maximum count r a t e  was observed toge ther  wi th  the  value 

30DPM, 30PM t ransmi t ted  continuously every two seconds. 
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O D E l ,  ODE3 
ODE5, ODE7 

30DE1, 30DE3 
30DE5, 30DE7 

ODP1, ODP3 
ODP5, ODP7 

30DP1, 30DP3 
30DP5, 30DP7 

OEBK, 30EBK 
OPBK, 30PBK 

These f o u r  s e t s  of d i f f e r e n t i a l  d i r e c t i o n a l  energy f l u x  
va lues  f o r  energy bands 1, 3 ,  5 and 7 (sweep i n t e r v a l s  2, 
4 ,  6 and 8) a re  t r ansmi t t ed  i n  a sequence r e q u i r i n g  
8 seconds. These d a t a  appear  on ly  i n  record types  
1, 2 and 3. 
p a r t s  of t h e  32-second telemeter per iod l i s t e d  i n  
Appendix H. 

Record type  means one of t h e  fou r  &second 

The count accumulated dur ing  the  f i r s t  1/13 second 
(background i n t e r v a l )  of each of 16 energy 
sweeps a s s o c i a t e d  w i t h  labe led  d e t e c t o r  and p a r t i c l e  
spec ies .  
appear  i n  output  record  type 4 only. 

These d a t a  a r e  t r a n s m i t t e d  every  32 seconds and 

The f o u r  obse rva t ions  (OEFD, 30EFD, OPFD, and 30PFD), which c o n s t i t u t e  a 
measure of t h e  t o t a l  energy, a r e  t h e  prime d a t a  from t h e  TED ins t rument  and 
a r e  t r a n s m i t t e d  cont inuously every two seconds (about 15 km of spacec ra f t  
t r a v e l ) ,  

Because t h e r e  a re  f o u r  d e t e c t o r s  t h e r e  a r e  a t o t a l  of four  d i r e c t i o n a l  
d a t a  s e t s  (or  16 p o i n t s )  a v a i l a b l e  every two seconds. 
s e t s  a r e  a c t u a l l y  t r a n s m i t t e d ,  t h e  sequence being: 

Only one i n  f o u r  such 

f i r s t  two seconds ODE1, ODE3, ODE5, ODE7 

next  two seconds 30DE1, 30DE3, 30DE5, 30DE7 

next  two seconds ODPl, ODP3, ODP5, ODP7 

l a s t  two seconds 30DP1, 30DP3, 30DP5, 30DP7 

The d a t a  channel i d e n t i f i c a t i o n  he re  inc ludes  t h e  d e t e c t o r  d i r e c t i o n  (0 
o r  301, t h e  p a r t i c l e  s p e c i e s  (E o r  P I  and t h e  e n e r g y  band (1, 3, 5, 7). 

3.4 TED Data I n t e r p r e t a t i o n  

A l l  t he se  phys ica l  v a r i a b l e s  l i s t e d  so f a r  a r e  those  measured a t  t he  
s a t e l l i t e  a t  850 km a l t i t u d e .  These measured va lues  a r e  manipulated,  t oge the r  
wi th  a geomagnetic f i e l d  model (IGRF) t o  o b t a i n  t h e  t r u l y  r e l e v a n t  va r i ab le :  
t he  magnitude of t h e  energy f low i n t o  t h e  atmosphere and t h e  l o c a t i o n  a t  which 
t h i s  energy input  i s  occurr ing.  

F igure  10 i l l u s t r a t e s  t h i s  s i t u a t i o n .  Charged p a r t i c l e s  measured a t  t h e  
s a t e l l i t e  a r e  guided along t h e  magnet ic  f i e l d  l i nes .  
l i n e s  of f o r c e  a r e  not  r a d i a l ,  t h e  po in t  a t  which t h e  f i e l d  l i n e  pass ing  
through t h e  s a t e l l i t e  i n t e r s e c t s  t he  atmosphere may be d isp laced  cons iderably  
from the  s u b s a t e l l i t e  point .  The magnetic f i e l d  model i s  used t o  t r a c e  t h e  
f i e l d  l i n e  pass ing  through the  s a t e l l i t e  t o  t h e  po in t  where t h e  f i e l d  l i n e  
i n t e r s e c t s  t h e  atmosphere a t  120 km. ( T h i s  po in t  i s  c a l l e d  the  "foot of t h e  

Because these  magnetic 
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Figure 10.-Relationship Between Field Lines and Spacecraft 
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f i e l d  l ine" ,  FOFL). The co-ord ina tes  of t h i s  po in t ,  both geographic and 
geomagnetic,  t oge the r  w i th  t h e  s o l a r  t ime and magnetic time a r e  c a l c u l a t e d  and 
given i n  t h e  header  r eco rds  of an  a rch ive  t ape  made f o r  a l l  data .  Zero of 
magnetic time occurs  when t h e  sun c rosses  t h e  lower branch of t he  meridian 
through t h e  geographic po le  and t h e  no r the rn  magnetic pole. 
TIROS-N i s  no r th  of t h e  geomagnetic equator ,  t h e  FOFL i s  taken t o  be i n  t h e  
no r the rn  hemisphere. 

By convention, i f  

Otherwise t h e  FOFL i s  i n  t h e  southern  hemisphere. 

The angles  between t h e  geomagnetic f i e l d  d i r e c t i o n  and the  look d i r e c t i o n  
of t h e  two d e t e c t o r s  a r e  a l s o  computed us ing  t h e  geomagnetic f i e l d  model. 
These two angles  a r e  t h e  l o c a l  p i t c h  angles  of t h e  charged p a r t i c l e s  being 
s tud ied  by t h e  two de tec to r s .  
e f f e c t "  on the  motion of charged p a r t i c l e s ,  t h e  p i t c h  angles  these  p a r t i c l e s  
have a t  t h e  l o c a t i o n  of t h e  s a t e l l i t e  are  a t h e  same p i t c h  angles  they have 
a t  the  top  of t he  atmosphere. The r e l a t i o n  between t h e  p i t c h  angles  a 
p a r t i c l e  has a t  t hese  two p o i n t s  i n  space i s  

However, because of t h e  "magnetic m i r r o r  

where 
a850 = p i t c h  angle  a t  t h e  TIROS-N spacec ra f t  850 km 

= p i t c h  angle  a t  120 km ( t h e  f o o t  of t h e  a120 
f i e l d  l i n e )  

B850 = geomagnetic f i e l d  s t r e n g t h  a t  t he  TIROS-N spacec ra f t  

= geomagnetic f i e l d  s t r e n g t h  a t  t h e  FOFL B120 

Figure 11 i l l u s t r a t e s  how t h e  p i t c h  angle  of a charged p a r t i c l e  v a r i e s  as i t  
moves along t h e  geomagnetic f i e l d  l i n e  between TIROS-N and t h e  atmosphere. 
Note t h a t  convention de f ines  a par t ic le ' s  p i t c h  angle  as t h e  angle  between t h e  
par t ic le ' s  v e l o c i t y  vec to r  and t h e  d i r e c t i o n  of t h e  magnetic f i e l d .  
means t h a t  i n  t h e  no r the rn  hemisphere charged p a r t  i c l e s  moving downwards 
toward t h e  atmosphere have p i t c h  ang le s  between 0' and 90'. I n  t h e  southern  
hemisphere charged p a r t i c l e s  moving towards t h e  atmosphere have p i t c h  angles  
between 180° and 90'. 

This  

Note a l s o  
s i n  a120 i s  not  
going downwards 

t h a t  i t  i s  p o s s i b l e  f o r  s i n  a120 t o  exceed 1.0 such t h a t  
def ined.  Phys ica l ly ,  t h i s  occurs  when t h e  charged p a r t i c l e s  
toward t h e  atmosphere a t  TIROS-N i n  f a c t  magne t i ca l ly  m i r r o r  

before  reaching  120 km and r e t u r n  back up t h e  magnet ic  f i e l d  l i n e ,  Such 
p a r t i c l e s  cannot be counted as c o n t r i b u t i n g  t o  t h e  energy i n f l u x  i n t o  t h e  
earth's a t  mo s p h e re. 
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Geomagnetic 

Geomagnetic Field Line 

B120 = Geomagnetic 
Field Strength 

Figure 11.-Variation of Particle Pitch Angle Along Field Line 
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Using t h e  measurements of OEFD, 30EFD, OPFD, and 30PFD, toge the r  w i th  t h e  
p i t c h  ang le s  a t  which t h e  measurements were made ( a s  t ransformed t o  120 km) 

e e c t r o n s  and ions. 
t h e  i n t e g r a l  shown on p. 14, may be evaluated independent ly  f o r  both 

The sum of t h e s e  two, converted t o  phys i ca l  u n i t s  FT' erg/(cm 2 Os), becomes t h e  T o t a l  Energy Flux. 

During the  c r e a t i o n  of t h e  a r c h i v e  t a p e s  a t  SEL, a l l  v a r i a b l e s  concerning 
t h e  geomagnetic f i e l d  are computed once each e i g h t  seconds and given i n  t h e  
header format .  Amongst t h e s e  v a r i a b l e s  a r e :  

A. 

B. 

C, 

D. 

E. 

F. 

If 

The t h r e e  v e c t o r  components of t h e  geomagnetic f i e l d  a t  TIROS-N 
toge the r  w i t h  t h e  s c a l e r  magnitude of t h e  f i e l d .  

The geographic coord ina te s  of t h e  FOFL. 

The geomagnetic coord ina te s  of t h e  FOFL. 

Local s o l a r  time and geomagnetic t i m e  of t h e  FOFL. 

The t h r e e  v e c t o r  components of t h e  geomagnetic f i e l d  a t  t h e  FOFL 
toge the r  wi th  the  s c a l e r  magnitude of t h e  f i e l d .  

The p i t c h  ang le s  of t h e  charged p a r t i c l e s  being observed by t h e  two 
TED d e t e c t o r s  as t ransformed t o  t h e  FOFL. 

n e i t h e r  of t h e  two d e t e c t o r s  is viewing charged p a r t i c l e s  which reach  
the  earth's atmosphere,  then  the  va lue  of t he  t o t a l  energy is set t o  0 on t h e  
a r c h i v e  tape.  However, t h e  va lues  of OEFD, 30EFD, OPFD, and 30PFD remain 
a v a i l a b l e  i n  the  record.  The s i t u a t i o n  where n e i t h e r  d e t e c t o r  views charged 
p a r t i c l e s  which can reach  t h e  atmosphere i s  confined t o  low geographic 
l a t i t u d e s  where energy f low i n t o  the  atmosphere i s  small .  

The TED was o r i g i n a l l y  designed t o  ope ra t e  i n  any one of t h r e e  d i f f e r e n t  
modes i n  o rde r  t o  compensate f o r  poss ib l e  d e t e c t o r  f a i l u r e s .  However, t h e  TED 
has thus  f a r  proven r e l i a b l e .  This  f a c t ,  coupled w i t h  t h e  a d d i t i o n a l  d a t a  
process ing  complexi ty  i n  handl ing vary ing  ins t rument  modes of ope ra t ion ,  led 
t o  the  po l i cy  t h a t  t h e  TED i s  opera ted  only  i n  i t s  normal mode. 

As a q u a l i t y  check on t h e  ope ra t ion  of t h e  TED, t h e  counts  dur ing  t h e  
f i rs t  1/13 second (background phase) of each sweep a r e  accumulated f o r  16 
sweeps - a t o t a l  of 1.23 seconds. The accumulated count i s  t r a n s m i t t e d  once 
each 32 seconds i n  p l ace  of t h e  normal t r ansmiss ion  of ODE1, ODE3, ODE5, and 
ODE7.  
means background. These numbers a r e  g e n e r a l l y  l e e s  than  50. Should they  
exceed 200, d e t e c t o r  mal func t ion  may have occurred. 

T h e r e  a r e  4 s u c h  numbers  abBK where  a = 0 ,  30 and b = E ,  P w h i l e  BK 

When ana lyz ing  TED d a t a ,  t ake  c a r e  i n  t r e a t i n g  t o t a l  energy f l u x  
2 values  which exceed 100 ergs/(cm '8). 

percentage of such d a t a  (-50%) a r e  i n  f a c t  a s s o c i a t e d  w i t h  t e l e m e t r y  n o i s e  and 
do not  r ep resen t  v a l i d  observa t ions .  

Experience has  shown t h a t  a high 
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3.5 TED Applicat ion 

The TED instrument  was included i n  t h e  TIROS-N SEM t o  monitor the  t o t a l  
energy f l u x e s  c a r r i e d  t o  the  atmosphere by ene rge t i c  charged p a r t i c l e s  
(energ ies  between 0.3 keV and 20 keV). The purposes f o r  doing so a r e  twofold. 

1. To provide a measure i n  near  r e a l  t ime of the  general  l e v e l  of 
p a r t i c l e  p r e c i p i t a t i o n  a c t i v i t y .  I n  t h i s  respec t ,  i t  should be mentioned 
t h a t  the  p a r t i c l e s  being measured a r e  those t h a t  produce auroras.  
t h e  da t a  provides  a d i r e c t  measure of t h e  i n t e n s i t y  and extent  of the  
aurora  beneath the  t r a c k  of t h e  s a t e l l i t e  and a l lows  e s t ima t ing  the  
p o t e n t i a l  e f f e c t s  on r ad io  communications and naviga t ion  equipment 
opera t ing  i n  the  a u r o r a l  zone. Several  a spec t s  of t h e  da t a  can be used t o  
genera te  usable  ind ices  of a c t i v i t y .  

Thus 

Among these  are:  

a. 
a given value. 
a c t  i v  it y . 

The most equatorward l a t i t u d e  f o r  which the  energy f l u x  exceeds 
This provides an index of t h e  general  l e v e l  of 

b. 
pass. 
beneath the  sate1 l i te .  

The maximum energy i n f l u x  recorded during a given s a t e l l i t e  
This i s  equiva len t  t o  a measure of t h e  b r i g h t e s t  aurora  

c. The l a t i t u d e  and longi tude  in t eg ra t ed  t o t a l  energy input.  This 
value weights  both the  i n t e n s i t y  and t h e  ex ten t  of the  energy input ,  
and provides an e s t i m a t e  of g loba l  au ro ra l  a c t i v i t y .  

2. The second purpose of t he  instrument  i s  t o  genera te  a da t a  base 
u s e f u l  t o  t he  study of t h e  response of t h e  upper atmosphere t o  the  energy 
input from the  magnetosphere. A measure of t h e  energy input  t o  t h e  
atmosphere above 100 km is use fu l  (and r e l evan t )  f o r  c o r r e l a t i o n  wi th  
atmospheric data.  

3.6 Data Displays f o r  t h e  TED 

TED da ta  may be displayed a s  a graph of t h e  p a r t i c l e  energy i n f l u x  f o r  a 
p a r t i c u l a r  o r b i t ,  a s  shown i n  Figure 12. Such data may be used t o  e s t i m a t e  
the  t o t a l  amount of p a r t i c l e  energy being deposi ted i n t o  the  e n t i r e  au ro ra l  
atmosphere. 
e n t i r e  day (about 2 9  s a t e l l i t e  passes)  f o r  an en t i re  month. 

Figure 13 shows these  power input e s t i m a t e s  averaged over an 

It should be pointed out  t h a t  t h e  power input  due t o  p a r t i c l e s  i s  only 
30% of the  t o t a l  power input t o  t h e  atmosphere from magnetospheric processes. 
The r e s t  comes from Joule  hea t ing  caused by ionospheric cu r ren t s  dr iven  from 
the  magnetosphere. 
o f t e n  exceeds the  energy input t o  the  same a l t i t u d e  range from s o l a r  radiance.  

The t o t a l  of both power inputs  t o  the  upper atmosphere 
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4. MEDIUM ENERGY PROTON AND ELECTRON DETECTOR (MEPED) 

4.1 General Desc r ip t ion  

The MEPED uses  s o l i d - s t a t e  s i l i c o n  d e t e c t o r s  t o  d e t e c t  e l e c t r o n s ,  
p ro tons ,  and a lpha  p a r t i c l e s  over  an  energy range of >30 keV t o  >80 MeV. The 
s i l i c o n  d e t e c t o r s  are l i n e a r  d e t e c t o r s  which produce a q u a n t i t y  of charge 
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  q u a n t i t y  of energy depos i ted  i n  t h e  a c t i v e  volume 
of t h e  d e t e c t o r  by an  inc iden t  p a r t i c l e .  
a n a l y s i s  of t h e  p a r t i c l e  f l u x  by ana lyz ing  t h e  d i s t r i b u t i o n  of t h e  charge 
pu l ses  produced by t h e  inc iden t  p a r t i c l e s .  
i s  shown i n  F igure  14. 
used, one po in t ing  a t  approximately Oo t o  t h e  magnetic f i e l d  a t  high 
l a t i t u d e s ,  t h e  second of t h e  p a i r s  nominally perpendicular  t o  t h e  f i r s t .  

This  makes p o s s i b l e  t h e  energy 

A gene ra l  view of t h e  instrument  
Sepa ra t e  p a i r s  of proton and e l e c t r o n  " te lescopes" a r e  

I n  a d d i t i o n  t h r e e  simple senso r s  measure omnidi rec t iona l  f l u x e s  of 
These use  d e t e c t o r s  i n  a dome moderator arrangement i n  h igher  energy pro tons .  

which t h e  energy th re sho ld  i s  b a s i c a l l y  def ined  by t h e  energy l o s s  i n  t h e  
s h i e l d i n g  moderators .  

A f u n c t i o n a l  block diagram of t h e  MEPED i s  shown i n  F igure  15. 

Each d e t e c t o r  has  i t s  own charge s e n s i t i v e  p reampl i f i e r .  The output  of 
each of t h e  s ix  preamps a s soc ia t ed  wi th  t h e  0' and 90° t e l e scopes  a r e  
mult iplexed i n t o  t h r e e  s i g n a l  cha ins  c o n s i s t i n g  of l i n e a r  a m p l i f i e r s  and p u l s e  
shaping networks which d r i v e  a set  of pu l se  amplitude d i sc r imina to r s .  
t h r e e  h igh  energy i n t e g r a l  channels  have i n d i v i d u a l ,  s e p a r a t e  s i g n a l  cha ins  
wi th  only a s i n g l e  d i sc r imina to r .  
l o g i c a l  combination o r  i n  t h e  case  of t h e  proton t e l e scopes ,  a f t e r  t i m e  
coincidence g a t i n g  and l o g i c a l  combination, produce l o g i c  l e v e l  pu l se s  f o r  
t ransmiss ion  t o  t h e  DPU which correspond t o  t h e  i n t e n s i t y  of a g iven  inc iden t  
p a r t i c l e  spec ie s  i n  p a r t i c u l a r  energy bands. 

The 

These d i s c r i m i n a t o r s ,  e i t h e r  d i r e c t l y  o r  i n  

It i s  of i n t e r e s t  t o  n o t e  t h a t  a t  t he  lowest t h re sho ld  of t h i s  sensor ,  
30 keV, t h e  l i n e a r  s i g n a l  e l e c t r o n i c s  i s  d e t e c t i n g  an  event  producing only  lo4  
e l e c t r o n s  a t  t h e  input  t o  t h e  charge s e n s i t i v e  p reampl i f i e r .  

The MEPED te l e scopes  c o n s i s t  of f o u r  sensors ,  a p a i r  of which view t h e  
l o c a l  z e n i t h  and 8 p a i r  of which "look" -90' t o  t h i s  d i r e c t i o n .  Each p a i r  of 
s enso r s  c o n s i s t s  of a pro ton  t e l e scope  and an e l e c t r o n  te lescope .  The z e n i t h  
is  t h e  s p a c e c r a f t  -X a x i s  a s  shown i n  F igure  3 and +Y i s  t h e  d i r e c t i o n  of 
spacec ra f t  v e l o c i t y .  The 90° senso r s  "look" nominally a long t h e  -2 a x i s .  I n  
o rde r  t h a t  t h e  viewing cone of t h e s e  senso r s  be unobs t ruc ted  by a sunshade t h e  
co l l ima to r  axes were r o t a t e d  (around t h e  Y a x i s )  away from -2 toward -X by 7O 
and go f o r  t h e  e l e c t r o n  and pro ton  d e t e c t o r s  r e s p e c t i v e l y .  

4.2 Proton Telescope 

Each proton t e l e scope  responds t o  pro tons  ( a c t u a l l y  t o  a l l  p o s i t i v e  ions )  
wi th  energy >30 keV i n  f i v e  d i s c r e t e  energy i n t e r v a l s .  
a r e  removed by a broom magnet. 
d i scr imina ted  a g a i n s t  by an t i co inc idence  log ic  between t h e  two s o l i d  s t a t e  
d e t e c t o r s  i n  the  te lescope .  The proton t e l e scope  a l s o  i d e n t i f i e s  t h e  
i n t e n s i t y  of ions  wi th  2 2 i n  one energy i n t e r v a l .  

Low energy e l e c t r o n s  
Higher energy e l e c t r o n s  and ions  a re  

2 7  



Figure 14.-Medium Energy Proton and Electron Detector 
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The broom magnet, made of Alnico V I I I ,  has a s t r eng th  of a t  l e a s t  2 .48  
No p a r t i c l e  with a magnetic r i g i d i t y  of l e s s  than 6200 gauss-cm ki logauss .  

(6.2 mT*m) can s t r i k e  the  de t ec to r  (unless  it s c a t t e r s ) .  
corresponds t o  an energy of 1.5 MeV f o r  e l e c t r o n s  and about 2 keV f o r  protons.  
E lec t rons  with energy below about 1.5 MeV a r e  the re fo re  prevented from 
contaminating the  proton te lescope  response.  

This r i g i d i t y  

A proton wi th  an energy of 30 keV has a r ad ius  of curvature  of about 100 
mm i n  the  f i e l d  of the  broom magnet. 
skews the  view of t h e  proton te lescope  f o r  t he  lowest energy channel ( 3 0  - 80 
keV) by about loo.  

Therefore the  broom magnet s i g n i f i c a n t l y  

The proton t e l e s c o  e ,  shown schematical ly  i n  Figure 16, has a geometric 
f a c t o r  of 9.5 x 
su r face  b a r r i e r  de t ec to r s .  The f r o n t  de t ec to r  (D1) has an e f f e c t i v e  a rea  of 
25 mm2 and i s  mounted with i t s  ohmic (Aluminum) contac t  exposed t o  t h e  
incoming r a d i a t i o n .  
and is mounted with i t s  gold (Au) contac t  forward. The d e t e c t o r s  were 
procured from Ortec,  Inc.  with nominal 40 f i  g/cm2 Au contac ts .  
aluminum contac t  of t h e  D 1  de t ec to r  was spec i f i ed  t o  be 18kg/cm2 th i ck .  
p a r t  of t he  SEM development, t h e  uniformity and a c t u a l  th ickness  of t h i s  
contac t  was measured f o r  a l l  f l i g h t  D 1  de t ec to r s .  
contac t  of each D 1  d e t e c t o r  a s  a func t ion  of inc ident  ion  energy was 
determined using a p a r t i c l e  a c c e l e r a t o r  a t  NASA/GSFC. 
r ep resen ta t ive  r e s u l t  of t hese  determinat ions.  With knowledge of t he  
e l e c t r o n i c  threshold it  i s  poss ib l e  t o  determine the  proton te lescope  
thresholds  t o  an accuracy of 0.5 keV. 

cm5*sr. It c o n s i s t s  of two 200 micrometer t h i c k  s i l i c o n  

The second de tec to r  (D2) has  an e f f e c t i v e  a rea  of 50 mm2 

The c r i t i c a l  
A s  

The energy l o s s  i n  the  A 1  

Figure 17 i l l u s t r a t e s  a 

Each proton te lescope  measures ions  i n  s i x  energy passbands l abe l l ed  P1 
through P5 over the  range 30 keV t o  >2.5 MeV and a channel I which i s  sens i -  
t i v e  t o  2 22 ions  with energy between 6 MeV and 55 MeV. 
passbands i s  given i n  F izure  18. The i d e n t i f i c a t i o n  of t h e  d e t e c t o r s  and t h e  
a c t u a l  passbands a r e  given i n  Table 4 f o r  each s a t e l l i t e .  

The log ic  of the  

4 .3  Elec t ron  Telescope 

The e l e c t r o n  te lescope ,  which c o n s i s t s  of a s i n g l e  de t ec to r  mounted 
behind a t h i n  n i cke l  f o i l ,  responds t o  e l e c t r o n s  with energy >30 keV and 
p o s i t i v e  ions >200 keV i n  t h r e e  i n t e g r a l  energy channels.  
e l ec t ron  response can be ca l cu la t ed  by sub t r ac t ing  the  proton response 
determined by the  proton te lescope.  

The true 

The e l e c t r o n  te lescope  i s  shown schematical ly  i n  F i  u re  19. It has the  
same geometric f a c t o r  as the  proton te lescope ,  9.5 x l&20sr. The 
de tec to r  i s  a 1700 micrometer t h i ck ,  25 unn2 s i l i c o n  sur face  b a r r i e r  type. 
system incorpora tes  a t h i n  n i cke l  f o i l  i n  f r o n t  of t he  de t ec to r  t o  reduce the  
proton con t r ibu t ion  t o  the  counting r a t e .  These f o i l s  f o r  TIROS-N were 0.696 
k m  ( 2 7 . 4  microinches)  t h i c k  but  t h e  f o i l s  f o r  subsequent s a t e l l i t e s  were 
reduced t o  an average value of 0 .511~cm (20.1 microinches).  
energy thresholds  a t  nominal energ ies  of 30 keV, 100 keV, and 300 keV, A 
four th  threshold was included a t  approximately 1 MeV, used a s  a ve to  s igna l  t o  

The 

There a r e  t h r e e  
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Figure 16.-MEPED Proton 
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Figure 19.--MEPED Electron Telescope 
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effectively remove any sensitivity to protons above 1.1 MeV. 
presents the nominal pulse height response of the electron detector. 

Figure 20 

The actual thresholds for TIROS-N (0.696rrm (27.4 microinch) Ni foil) 
were determined from electron beam calibrations, presented in Figure 21, using 
the accelerator facilities at NASA/GSFC. No detailed calibrations were 
performed on the subsequent satellite assemblies. 
energy thresholds have been estimated by simply adding 5 keV to the electronic 
thresholds for the subsequent units. The actual thickness of the Ni-foils for 
NOAA-A and -B are not known but a nominal or average value for all foils was 
used to make the estimate. These thresholds are given in Table 3 along with 
the range of proton energies to which that channel is sensitive (enclosed in 
brackets). 

I TABLE 3. MEPED Detector Data and Passbands 

I TIROS-N Protof light Model 

The electron incident 

I 
I I 
I 
I I 

I I I I I I I 
I D1 I 
I D2 1 
I I 
I P1 I 
I P2 I 
I P3 I 
I P4 I 
I P5 I 
1- I 
I 
I 

17-2943 I 
17-107E I 

I 
41.7-82.9keV I 
82.9-265 I 
26 5- 860 I 
860-2784 I 
>2.78 MeV I 

17-2941 
17-1081 

39.6-79.6 keV 
79.6-254 
254-820 
820-2655 
>2.66 MeV 

NOAA 

D3 I 17-097B I 17-098D 

I I 
El(e) I >40 keV I >40 keV 
El(p) I (177-1128) I (176-1119) 

I >107(262-1128) I >105(260-1119) E2 
I >322(453-1128) I >318(450-1119) E3 

I I 6.32-(55) MeV1 6.01-(55)MeV 

27.4 microinch Ni foil 

I I 
A Flight Model 2 

I 
I 
I 
I 
I 
I 
I 
I 

, I  
I 
I 

I I 

I I I I I I I 
I D1 I 17-1021 I 17-103E 1 D3 I 17-099C I 17-098G I 
1 D2 I 17-108D I 17-107F I foil ave 20.07 microinch Ni I 

I I 1 I I 
I >29.2 I 

1 
1 P1 130.6-82.6 keVl 30.3-80.4 keV I El(e) I >29 
I P2 I 82.6-247 I 80.4-242 I El(p) I (135-1320) I (135-1320) I 
I P3 I 247-853 1 242-834 I E2 I >117(230-1320) I >117(230-1320) I 
I P4 I 853-2636 I 834-2579 I E3 I >350(445-1320) I >350(445-1320) I 
I P5 I >2.64 MeV I >2.58 MeV I 1  I 6.94-(55) MeV I 6.79-(55) MeV I 

I I I I I I 
I 1- 

I I 
I I I I I I I 
I NOM-B Flight Model 1 

I D1 I 
I D2 I 
I I 
I P1 I 
I P2 I 
I P3 I 
I P4 I 
1 P5 I 
1- I 

17-103E I 17-101G I D3 I 
12-122c I 17-108A I foil 

I I I 
32.9-83.7keVI 32.5-81.6 keV I El(e) I 
83.7-252 I 81.6-247 I El(p) I 
252-813 I 247-801 I E2 I 
81 3-26 81 I 801-2649 I E3 I 
>2.68 MeV I >2.65 MeV I 1  I 

I I I 

17-0 99F I 17-717B I 
ave 20.07 microinch Ni I 

I 
>28 keV I >28 1 
(135-1050) I (135-1040) I 
>105(220-1050) I >104(220-1040) I 
>317(415-1050) I >313(410-1040) I 
6.08-(55> MeV I 6.0-(55) MeV I 

I I 

Dl,D2,D3 refer to the detectors. Serial numbers are listed. 
P1, etc. refer to the output data channels from these detectors. 
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4.4 Omnidirectional Sensors 

The MEPED omnidirectional sensors, essentially identical to units flown 
on the GOES-2 & -3 spacecraft, comprise three (3) nominally identical Kevex 
Si(Li) solid state detectors of 0.50 cm2 area by 3 mm thickness, independently 
mounted under spherical shell moderators, domes, to provide measurements in 
three channels. The viewing angle of each of the detectors has a full opening 
angle of 120' in the zenithal direction as mounted. The pertinent data for 
the detectors are as follows: 

- 
I TABLE 4. OMNIDIRECTIONAL PROTON SENSOR DATA 

1 
I 
I 
I 
I P6 
I 
I 
I P7 
I 

I I 

Band I Solid Ang. I GEOM Factor * I Moderator I 
MeV I cm2 sr I cm 2 IMaterial IThickness I 

I Channel I Energy I Area I Omnidirectional I I 

I I I I I 
I 

.050 in. I I I I I 
I 1.27 mm I 16- 80 I 0.50 1 pi I 0.09375 IAluminum I 

80-215 I 0.43 4 pi I 0.215 I 

I 
I P8 
I 

I I 
36- 80 I 0.50 1 pi I 0.09375 
80-215 I 0.43 4 pi I 0.215 

I I 
80-215 I 0.43 4 pi I 0.215 

I I 

* The omnidirectional flux is defined as the flux through 
sphere; Flux = Counts/omni GEOM factor. 

I I .230 in. 1 
I 5.84 mm I 
I 1 

Mallory I 0086 in* I I 2.18 IUIU I 

Copper I 

I I 

a unit cross section 

The overall shielding of the instrument stops protons of less than 80 
MeV. Therefore the detectors respond to protons of energy >80 MeV over the 
entire 4 pi solid angle as indicated above. The effective solid angle of the 
flight units will of course be somewhat less, determined by the shielding 
provided by the satellite body itself. Because of the usual relatively steep 
spectrum for both galactic and solar cosmic rays, the counting rates of the 
16-80 MeV and 36-80 MeV channels are not severely compromised by the >80 MeV 
background. However, the response of the 80-215 MeV detector will be 
uncertain to a factor of the order of two. 

Calibration of the omnidirectional detectors was performed using a 
uniform axial proton beam, at the Harvard University Cyclotron Facility, which 
confirmed the detector thresholds. Figure 22 is a diagram of the detector. 
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Figure 22.-Omnidirectional Spectrometer 
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4.5 MEPED Appl i ca t ion  

The p r i n c i p a l  o p e r a t i o n a l  u se  of t h e  p a r t i c l e  d e t e c t o r s  compris ing t h e  
MEPED i s  t h e  r e l i a b l e  and a c c u r a t e  de t e rmina t ion  of t h e  f l u x  and spectrum of 
e n e r g e t i c  p a r t i c l e  f l u x e s  produced by t h e  sun dur ing  s o l a r  d i s tu rbance  events.  
These e n e r g e t i c  p a r t i c l e s ,  mos t ly  pro tons  i n  t h e  energy range of some t e n s  of 
k i l o v o l t s  to ,  i n  major  events ,  g r e a t e r  than  a b i l l i o n  e l e c t r o n  v o l t s ,  produce 
a d d i t i o n a l  i o n i z a t i o n  of t h e  Earth‘s upper atmosphere and ionosphere which has  
s u b s t a n t i a l  consequences on r a d i o  propagation. 
t h e i r  a tmospher ic  s econdar i e s  may i n  extreme c a s e s  pose a s i g n i f i c a n t  
r a d i a t i o n  hazard t o  high f l y i n g  a i r c r a f t  and t o  those  engaged i n  ex t r a -  
t e r res t r ia l  a c t i v i t i e s .  
t h e  d a t a  base of t h e  Space Environment Se rv ices  Center  f o r  r e a l  t i m e  a n a l y s i s  
and d i s t r i b u t i o n  t o  t h e i r  i n t e r e s t e d  customers.  

The p a r t i c l e s  themselves  and 

These d a t a  t h e r e f o r e  provide an important  input  t o  

MEPED d a t a  a r e  an  impor tan t  i n fo rma t ion  source f o r  v a l i d a t i o n  of 
photochemical models of t h e  s t r a t o s p h e r e  and ionosphere. 
have determined t h a t  t h e  a d d i t i o n a l  product ion  of n i t r i c  oxide (NO) i n  t h e  
s t r a t o s p h e r e  by l a r g e  s o l a r  pro ton  even t s  produces s u b s t a n t i a l  r educ t ions  i n  
t h e  earth’s s t r a t o s p h e r i c  ozone concent ra t ion .  N i t r i c  oxide,  through s e v e r a l  
coupled c a t a l y t i c  r e a c t i o n s ,  i s  e f f i c i e n t  i n  removing ozone from t h e  
atmosphere. 
p o r t i o n  of t h e  sun’s damaging u l t r a v i o l e t  r a d i a t i o n .  

Crutzen e t  a l ,  1975, 

Atmospheric ozone i s  impor tan t  i n  sc reening  u s  from a l a r g e  

Add i t iona l ly ,  however, t h e  lower energy p ro tons  and e l e c t r o n s  de t ec t ed  by 
t h e  MEPED can provide  in fo rma t ion  on t h e  s t a t e  o f ,  and dynamical processes  
occur r ing  w i t h i n ,  t h e  magnetosphere. Many ques t ions  s t i l l  e x i s t  concerning 
t h e  e n t r y  of s o l a r  p a r t i c l e s  i n t o  t h e  magnetosphere and t h e  subsequent 
processes  which a c t  upon them. Low energy pro tons  are more s e n s i t i v e  t o  t h e  
p r o p e r t i e s  of t h e  geomagnetic f i e l d  and t h e  e l ec t romagne t i c  processes  they  are  
s u b j e c t  to. The lowes t  energy th re sho ld  of t h e  MEPED has  been reduced t o  42 
keV ( i n  NOAA-A) i n  channel  P1 from t h e  270 keV th resho ld  of t h e  moni tors  
aboard t h e  prev ious  TIROS series. 
r educ t ion  of minimum th resho ld  enhances t h e  t r a c e r  use  of s o l a r  protons.  

Subsequent S/C w i l l  have 30 keV. This  

I n  t h e  e a r l y  p a r t  of a t  least  some s o l a r  cosmic r ay  events ,  an asymmetry 
has  been observed between t h e  f l u x e s  seen  over t h e  no r the rn  and southern  p o l a r  
caps. I n  comparison w i t h  corresponding measurement of t h e  p a r t i c l e  f l u x e s  
o u t s i d e  t h e  magnetosphere, t h i s  asymmetry suppor t s  t h e  hypothes is  t h a t  t h e  
i n t e r p l a n e t a r y  magnet ic  f i e l d  i s  in te rconnec ted  w i t h  t h e  p o l a r  f i e l d  of t h e  
ear th .  The sense  of t h e  connect ion depends on t h e  d i r e c t i o n  of t h e  
i n t e r p l a n e t a r y  f i e l d ,  whether toward o r  away from t h e  sun. In  t h i s  manner, 
obse rva t ion  of s o l a r  pro tons  over  t h e  p o l a r  caps  says  something about t h e  
topology of t h e  geomagnetic f i e l d s  a t  high l a t i t u d e s  as w e l l  as about t h e  mean 
o r i e n t a t i o n  of t h e  i n t e r p l a n e t a r y  f i e l d .  
energy have e s s e n t i a l l y  f r e e  access  t o  t h e  p o l a r  caps  of t h e  Ear th  t o  some 
minimum geomagnetic l a t i t u d e  which i s  dependent upon energy, t h e  so-cal led 
cu to f f  l a t i t u d e .  The cu to f f  l a t i t u d e  f o r  a g iven  energy i s  dependent on t h e  
l o c a l  t ime,  an express ion  of t h e  l o n g i t u d i n a l  asymmetry of t h e  magnetospheric  
f i e l d s ,  and is dependent as w e l l  on t h e  geomagnetic d i s tu rbance  level of t h e  
magnetospheric  f i e l d s .  A b e t t e r  understanding of t h e  behavior  of s o l a r  

Fu r the r ,  s o l a r  pro tons  of a g iven  
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protons w i l l  help de f ine  the  dynamical changes i n  the  topology of the  magnetic 
f i e l d  of the  ear th .  

0 6  7 P2 

Figure 23 shows da ta  from a po r t ion  of one revolu t ion  of NOM-8 i n  
which the  s a t e l l i t e  went through t h e  au ro ra l  zone. The base l i n e s  (where log 
count = 0) a r e  each o f f s e t  by 10. 
1984. 

Longer-term observat ions a r e  shown i n  Sauer 

Figure 23.-MEPED Data 
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5. H I G H  ENERGY PROTON AND ALPHA DETECTOR (HEPAD) 

5.1 General Descr ipt ion 

The HEPAD uses  Cerenkov l i g h t  t o  de t ec t  protons wi th  energy above 370 MeV 
and alpha p a r t i c l e s  w i th  energy above 640 MeV. Cerenkov r a d i a t i o n  of l i g h t  
occurs  when an inc ident  p a r t i c l e  t r a v e l s  a t  g r e a t e r  than the  loca l  speed of 
l i g h t  i n  a high-refract ive- index mater ia l .  The m a t e r i a l  chosen i n  t h i s  case 
i s  fused s i l i c a .  The l i g h t  i s  co l l ec t ed  by t o t a l  i n t e r n a l  r e f l e c t i o n  a t  t he  
boundaries of t he  m a t e r i a l  and de tec ted  by a Photo M u l t i p l i e r  Tube (PMT) whose 
f a c e p l a t e  i s  i n t e g r a l  wi th  one end of t h e  mater ia l .  

Figure 2 4  shows a view of t he  HEPAD. A block diagram of t h e  HEPAD i s  
Figure 26 shows the  o v e r a l l  arrangement of t he  sensor  shown i n  Figure 25. 

which i s  a 3-element te lescope.  

Each p a r t i c l e  event must provide a f a s t  t r i p l e  t ime coincidence between 
t h e  two f r o n t  s o l i d - s t a t e  d e t e c t o r s  and t h e  PMT. The th ree  d e t e c t o r s  de f ine  
the  s o l i d  angle  of t he  response. 
determined by t h e  shape of the  m a t e r i a l  and the  cha rac t e r  of t he  Cerenkov 
l i g h t  emi t ted  p r e f e r e n t i a l l y  i n  the  same d i r e c t i o n  a s  t he  p a r t i c l e  t r ave l .  The 

half-angle f i e l d  of view of -24O. Spec t r a l  i n t e n s i t y  da t a  i s  te lemetered a t  a 
r a t e  of one sample every fou r  seconds. Events are so r t ed  f o r  energy and 
d iscr imina ted  a s  protons o r  a lpha p a r t i c l e s  on the  b a s i s  of the  de t ec to r  
ou tputs .  

D i r e c t i o n a l i t y  forward o r  backward i s  

geometr ic  f a c t o r  of the  te lescope  acceptance ape r tu re  i s  -0.9 cm 2 *sr wi th  a 

A s  high event r a t e s  may occur i n  any of t he  ind iv idua l  d e t e c t o r s  due t o  
ene rge t i c  e l e c t r o n s  which can pene t r a t e  the  instrument  sh ie ld ing ,  t he  "single" 
and *'double coincidence" counting r a t e s  from the  s o l i d - s t a t e  d e t e c t o r s  a r e  
a1  so t e  1 emetered. 

Energy measurement i s  obtained from the  number of photoelectrons produced 
a t  t h e  PMT photocathode by each event. This  PMT output i s  a nonl inear  
func t ion  of t he  energy deposi ted by t h e  inc ident  p a r t i c l e .  Because it  i s  a 
func t ion  of secondary emission e f f i c i e n c y  and a very rap id  func t ion  of 
a c c e l e r a t i n g  vo l t age  t h e  PMT gain  must be con t ro l l ed  t o  maintain ca l ib ra t ion .  
This i s  done by incorpora t ing  a smal l  r ad ioac t ive  i so tope  s c i n t i l l a t o r  l i g h t  
"pu1ser"which provides a re ference  number of photoelectrons which can be 
monitored on the  ground. The PMT o v e r a l l  vo l tage ,  and the re fo re  gain,  can be 
ad jus ted  a s  needed. 

5 . 2  HEPAD Operat ion 

The HEPAD outputs  a r e  l i s t e d  i n  Table 5 .  
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Detector D1 Detector D2 
Ortec TV020-300-500 (Same as D1) 

Insulating Spacers 

AL Electrostatic 
Shields 

Lucite Spacer 

Aluminum 
Moderator 

Insulating Spacers 

Lucite 
Radiator 
Clamp 

Lead Shield 

Detector Connector 

EM1 9814QNB 
Bialkali Photocathode 
Fused Silica Cathode 

Potting 

Cerenkov Radiator 
Corning code 7940 

UV Grade Fused Silica 

Exit Channel 

Mallory Shield 

Black Paint on 
Outer Surface 

I IFC Alpha Lamp 
AM241INE102A 

Faceplate 
Magnetic Shield 
Ad-Vance Magnetics 
P22 x 50 

I 
62 mm O.D. ,-+ 

Detector Area: 3cmz 
Detector Separation: 2.9 cm 
Geometric Factor: G-0.9 cmZ-STER 
Acceptance Aperture: 68% of G Within 224O Half-Angle 

100% of G Within I 34O Half-Angle 

Figure 26.-HEPAD Telescope Assembly 
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I 
I 

TABLE 5. HEPAD OUTPUTS 
--- I 

I Data Channel I Observable I Count I Nominal Max. I 
I I I Interval I Random Rate I 
I I I (Nominal) 1 pps  I 
I I I I I 

P1 I Protons 370-490 MeV I 4 s  I 6 20 I 
I 420 I 

I 

I 260 I 
I P2 I " 490-620 " I 

I 260 I 
" 620-850 " I 

I 80 I 
I 

I P3 I 
I P4 I " >850 

A1 I Alphas 640-875 Mev/nucleon I 
I A2 1 'I >875 MeV/nucleon I I 85 I 
I 

I t  

II 

I 1  

I f  

I 1  

II 

I I I I I 
S1 I SSD'#l Singles LS #9 I 94 ms I 1.8 x 105 I 

I 1  I 1.6 105 I 
I 

II I 5.6 x 104 I 
I S2 I SSD'DZ Singles LS'#7 I 
I S3 I PMT Singles L S ' # ~  I 
I S4 I PMT Gain Monitor LS'#4 I 2.5 s I 2.0 103 I 
I S5 ISSD'#l, '#2 Double Coincidences1 1.2 s I 2.0 104 I 
I I I I I I 

S1-3 identify events exceeding the most sensitive pulse height (LS) 
thresholds associated with the two SSDs and the PMT, while S5 identifies time 
coincident events in the two SSDs which exceed these thresholds. S4 
identifies the PMT events produced by the radioactive "pulser", all of which 
exceed the fourth PMT LS threshold. 

The accuracies of the measurements and the boundaries of the 
corresponding energy bands are better than 20% in the following environments: 

a. Large hard solar proton event 

JOE) = 5.4 x 105 protons/(cm2*s) isotropic 

b. Large soft solar proton event 

J O E )  = 1.6 x lo7 protons/(cm2*s) isotropic 

P = (E2 + 1876EI1I2 

c. Electron background 

dJ/dE = 4 x lo3 E-303 electrons/(cm2*s*sr*MeV) 

where E represents particle energy in MeV. 

Figure 26 shows the HEPAD telesco e assembly. Two SSD surface barrier 
silicon detectors D1 and D2 (area 3 cm 4 thickness 500 p m s  totally depleted) 
define an acceptance aperture of -24O half-angle or geometric factor -0.9 
cm2*sr. 
through the conical fused silica radiator (special PMT faceplate) which has an 
average thickness of -17 mm. 
distribution of path lengths in the conical radiator has a mean value of 1.05 
times the average thickness so that the average Cerenkov radiation amplitude 

All linear trajectories passing through these detectors also pass 

For. an isotropic environment, the probability 
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should correspond t o  t r a v e r s a l  of -18 of s i l i c a .  s i l i c a  i s  loyed a s  the  
r a d i a t o r  t o  provide  t h e  d e s i r e d  pro ton  energy th re sho ld  (-320 MeV P and t o  
a l low e f f i c i e n t  t ransmiss ion  of t h e  s h o r t e r  wavelengths of t h e  Cerenkov l i g h t  
( cu to f f  -190 nm). Most of t h e  area of t h e  r a d i a t o r ' s  con ica l  s u r f a c e  i s  ba re  
t o  a l low t o t a l  i n t e r n a l  r e f l e c t i o n  of i n c i d e n t  Cerenkov l i g h t  from a l l  
t r a j e c t o r i e s  w i t h i n  t h e  acceptance cone. 
e f f i c i e n c y  of 18% and f u l l  l i g h t  c o l l e c t i o n  e f f i c i e n c y  wi th in  t h e  200-450 nm 
i n t e r v a l ,  225 photoe lec t rons  should be produced by a x i a l  p ro tons  of b e t a  z 1 
where b e t a  is  v /c .  

Assuming an average quantum 

Mallory metal (high-2) i s  employed t o  s h i e l d  t h e  d e t e c t o r s  a g a i n s t  
bremsstrahlung generated by ambient e l e c t r o n s  ( th i ckness  i s  one abso rp t ion  
length  f o r  E (350 keV). 
s h i e l d  t h e s e  d e t e c t o r s  a g a i n s t  ambient e l e c t r o n s  and pro tons  and t o  suppress  
t h e  bremsstrahlung r a d i a t e d  by t h e  s topping e l e c t r o n s .  Within t h e  out-of 
a p e r t u r e  s o l i d  ang le ,  t h e  moderator w i l l  s t o p  pro tons  of <80 MeV and e l e c t r o n s  
of <7 MeV. For in -aper ture  d i r e c t i o n s ,  t h e  s h i e l d i n g  i s  e f f e c t i v e  aga ins t  
p ro tons  of (65 MeV and e l e c t r o n s  of (4 MeV and w i l l  absorb -15 MeV from a 
370 MeV proton.  
E <90 MeV i s  suppl ied  by t h e  s i l i c a  r a d i a t o r  and t h e  magnetic s h i e l d ,  l ead  
s h i e l d ,  and aluminum s h e l l  surrounding t h e  PMT. 

S i m i l a r l y ,  aluminum moderator (low-Z) i s  employed t o  

Shie ld ing  of t h e  d e t e c t o r s  from "upward"-entering pro tons  of 

The Luc i t e  spacer  (see Figure  26) i s  used t o  p o s i t i o n  t h e  d e t e c t o r s  i n  
the  assembly, whi le  i n s u l a t i n g  space r s  prevent  motion of t h e  d e t e c t o r  ho lde r s  
i n  a v i b r a t i o n  environment and i s o l a t e  s i g n a l  ground ( d e t e c t o r  s h e l l )  from 
c h a s s i s  ground. 
t o  t h e  SSD, whi le  con tac t ing  only  a very small f r a c t i o n  of t h e  r a d i a t o r  a r ea .  
The aluminum e l e c t r o s t a t i c  s h i e l d s  p r o t e c t  t he  i n n e r ,  biased s u r f a c e s  of t h e  
SSDs from EM1 c a p a c i t i v e l y  coupled from t h e  s t r u c t u r e .  
t h e  PMT quantum e f f i c i e n c y  and g a i n  during ope ra t ion ,  an  Am2'' r a d i o a c t i v e  
source  (5-10 nanocur ies )  coupled t o  an  NElO2A p l a s t i c  s c i n t i l l a t o r  ( t h i ckness  
76 clm(0.003"), area 3 x 3 mm) is pos i t i oned  near  t h e  con ica l  w a l l  of t h e  
s i l i c a  r a d i a t o r  t o  i l l u m i n a t e  t h e  e n t i r e  photocathode wi th  f a s t  l i g h t  pu l se s  
of chosen ampli tude (-30% FWHM). 
blackened t o  reduce t h e  l i g h t  c o l l e c t i o n  e f f i c i e n c y  f o r  "upward-moving" 
p a r t i c l e  t r a j e c t o r i e s  which i n t e r s e c t  D 1  and D2. 

S i m i l a r l y ,  t h e  Luc i t e  r a d i a t o r  p o s i t i o n s  t h e  PMT with  r e spec t  

To a ow monitor ing of 

The upbeam s u r f a c e  of t h e  s i l i c a  r a d i a t o r  is 

5.3 Response t o  Radia t ion  

F igure  27 shows t h e  nominal response of t h e  s i l i c o n  d e t e c t o r s  and PMT t o  
pro tons  and a lphas .  
d e t e c t o r ,  whi le  t h e  o r d i n a t e  shows e i t h e r  t h e  number of photoe lec t rons  
produced i n  t h e  PMT ( s o l i d  cu rves )  o r  t h e  i o n i z a t i o n  energy l o s s  i n  s i l i c a  
(dashed curve) .  
confined w i t h i n  t h e  125-500 keV a b s c i s s a  range and t h e  21-500 photoe lec t ron  
o r d i n a t e  range,  whi le  t h e  t r a j e c t o r y  f o r  a lphas  above 640 MeV l i e s  above t h e  
500 keV and 500 photoe lec t ron  l e v e l s .  The d a t a  handl ing c i r c u i t  a s soc ia t ed  
wi th  t h e  t e l e scope  con ta ins  t e n  pu l se  he ight  d i s c r i m i n a t o r s  ( l e v e l  sensors  = 
LS) a t  t h e  a b s c i s s a  and o r d i n a t e  l e v e l s  shown i n  F inure  27, so t h a t  p ro tons  
a r e  d i s t ingu i shed  from a lphas  on t h e  b a s i s  of LS8 and 10 ( s i l i c o n  d e t e c t o r s )  
and LS5 (PMT). Energy a n a l y s i s  of each p a r t i c l e  type  i s  provided by t h e  PMT 
LS1-6, whi le  out-of-aperture  even t s  a r e  suppressed by r e q u i r i n g  a f a s t  t r i p l e  
coincidence between LS1,  7 ,  and 9 f o r  any event  t o  be counted. 

The a b s c i s s a  shows t h e  energy l o s t  i n  each s i l i c o n  

The s o l i d  l i n e  t r a j e c t o r y  f o r  pro tons  above 370 MeV i s  

The t a b l e  on F inure  27 shows t h e  energy ranges of t h e  d a t a  channels  
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provided by t h e  HEPAD and the  coincidence log ic  employed t o  o b t a i n  t h e s e  
s igna l s .  The dashed l i n e  i n d i c a t e s  t h e  energy dependence of s c i n t i l l a t i o n  
produced i n  t h e  r a d i a t o r .  This  curve is  not  normalized w i t h  r e spec t  t o  the  
Cerenkov t r a j e c t o r i e s ,  s i n c e  t h e  no rma l i za t ion  depends on t h e  s c i n t i l l a t i o n  
e f f i c i e n c y  of t he  s i l i c a .  This  e f f i c i e n c y  is  s u f f i c i e n t l y  small t h a t  no 
d i s t o r t i o n  of t h e  energy dependence of t h e  Cerenkov l i g h t  is  produced by 
s c i n t  i l l a t  ion.  

The d e t e c t o r  t h i ckness  of 500 p m  is  a compromise between lower cos t  w i t h  
lower bremsstrahlung s e n s i t i v i t y  (smaller th i ckness )  and g r e a t e r  S/N r a t i o  
( g r e a t e r  th ickness) .  
as t o  produce a PMT p u l s e  of >lo0 photo-electrons f o r  850 MeV pro tons ,  
r e s t r i c t i n g  the  s t a t i s t i c a l  f l u c t u a t i o n  i n  he ight  of t h i s  pu l se  t o  about 1 
corresponding t o  a r e s o l u t i o n  of 170 MeV a t  850 MeV. The c e n t e r  of t h e  Am 
pu l se  he ight  peak f a l l s  near  LS4. 
t o  t h e  o v e r a l l  PMT t r a n s f e r  f u n c t i o n  ( s i l i c a  t r ansmiss ion ,  PMT quantum 
e f f i c i e n c y ,  PMT ga in )  such t h a t  changes can be observed during qu ie scen t  
pe r  iods.  

The r a d i a t o r  t h i ckness  is’ chosen suf f  i c i e n t l y  l a r g e  so 

SZ1 

The LS4 count ing r a t e  (-50 pps) i s  r e l a t e d  

5 . 4  HEPAD Appl ica t ion  

The HEPAD senses  t h e  i n t e n s i t y  i n  t h e  l o c a l  z e n i t h  d i r e c t i o n  of ambient 
s o l a r  and g a l a c t i c  pro tons  above 370 MeV i n  f o u r  energy bands and of ambient 
s o l a r  and g a l a c t i c  a lpha  p a r t i c l e s  above 640 MeV i n  two energy bands. 

The occurrence of l a r g e  s o l a r  events  w i t h  measurable  proton f l u x  i n  t h e  
While inf requent ,  t h e  energy range covered by t h e  HEPAD i s  very  infrequent .  

occurrence of s o l a r  cosmic r ay  even t s  w i t h  s i g n i f i c a n t  f l u x e s  of p a r t i c l e s  
above s e v e r a l  hundred MeV i s  important  f o r  both s c i e n t i f i c  and ope ra t iona l  
reasons.  Protons a t  t h e  top  of t h e  atmosphere w i t h  ene rg ie s  g r e a t e r  than 60 
MeV can p e n e t r a t e  t o  a i r c r a f t  a l t i t u d e s  (24 km, 80,000 f t . )  and w i t h  g r e a t e r  
than  about 650 MeV can p e n e t r a t e  t h e  e n t i r e  atmosphere and reach  t h e  earth’s 
su r face  producing so-cal led ground l e v e l  events.  These very  e n e r g e t i c  events  
produce low a l t i t u d e  ionospher ic  e f f e c t s ,  and may a l s o  c o n s t i t u t e  a 
r a d i a t i o n  hazard a t  a i r c r a f t  a l t i t u d e s .  

The las t  HEPAD on t h e  NOAA Pola r  Orb i t ing  s a t e l l i t e s  was flown on NOAA-7 
launched on 6-23-81. 
program f o r  f l i g h t  on GOES D, E, F and G. 

The remaining f o u r  HEPADS were t r a n s f e r r e d  t o  t h e  GOES 

5.5 Sample of HEPAD Data 

Kolas insk i  has compared t h e  inner  zone spectrum measured by t h e  HEPAD on 
TIROS w i t h  t h e  AP-7 model publ ished by Lavine and Vette. 
g ive  a c h a r a c t e r i s t i c  f l u x  Jo of 644 protons/(cm2*s*sr)  f o r  J perpendicular  t o  
t h e  f i e l d  a t  B = 0.18 gauss and an e-folding energy of Eo 
t h e  maximum r a d i u s  of a f i e l d  l i n e  g iven  i n  e a r t h  r a d i i ) .  
0.19, they  g i v e  Jo = 422 and Eo 
MeV and J = 800 protons/(cm*’s*sr). For t h e  very a n i s o t r o p i c  p i t c h  angle  
d i  t r i b u t i o n  of t h e  t rapped pro tons ,  t h i s  w i l l  be decreased t o  about 0.6 
cm’*sr and the  agreement w i l l  be  poorer. However, t h e  model would not be 
expected t o  ag ree  wi th  a s i n g l e  obse rva t ion  t o  b e t t e r  than  a f a c t o r  of two. 

For L = 1.20, they  

160 MeV. (L i s  
S i m i l a r l y  a t  B = 

140 MeV. The HEPAD spectrum g i v e s  Eo 145 
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Kolasinski  made another check on the  performance of the  HEPAD using the  
n a t u r a l  background encountered i n  o rb i t .  This i s  of two types:  i n  the  polaf 
caps, t h e  g a l a c t i c  cosmic ray  background and a t  low l a t i t u d e s ,  t h e  in tense  
inner  zone trapped protons.  For both types,  i t  i s  poss ib l e  t o  make 
comparisons wi th  published data. Fircure 28 shows Kolasinski's comparison of 
spec t r a  obtained f o r  t hese  two cases. 

To compare t o  the  cosmic ray spectrum, it i s  necessary t o  convert  t o  
d i f f e r e n t i a l  f lux.  For the  i n t e r v a l  370-470 MeV, t h e  HEPAD da ta  g ive  0.061 
protone/(cm2*sosr) which i s  a d i f f e r e n t i a l  f l u x  of 6.1 x 
sroMeV) 
9 x depending on the  t ime i n  t h e  s o l a r  cycle. Thus the  agreement i s  a s  
good as can be expected. Note a l s o  t h a t  the  alpha-to-proton r a t i o ,  a s  shown 
by (P3 t P4)/(A1 + A2) of 0.095, i s  r e a s o n a b l e .  

protons/(cm2*so 
For an energy of 400 MeV published values  range between 2 x and 

6. DATA PROCESSING U N I T  (DPU) 

6.1 General Descr ip t ion  

The Data Processing Unit  takes  the  log ic  l e v e l  pu lses  represent ing  
p a r t i c l e  events  i n  p a r t i c u l a r  ca t egor i e s  and processes  them t o  provide da ta  on 
the  f l u x  and spectrum f o r  te lemeter ing  t o  t h e  ground. 
conta ins  the  power supp l i e s  (DC/DC converter)  f o r  t he  whole SEM and a l l  
i n t e r f a c e s  wi th  the  spacecraf t  da ta ,  command, and power subsystems. The DPU 
has an analog mul t ip l exe r  and A/D converter  which provide SEM housekeeping 
da ta  t o  the  T I P  da t a  stream. A more l i m i t e d  number of vo l tages  and 
temperatures  a r e  monitored by the  D i g i t a l  B and T I P  Analog systems. A view of 
the  un i t  i s  shown i n  Figure 29. A block diagram of the  DPU i s  shown i n  Figure 
- 30. 

I n  add i t ion  t h e  DPU 

I n  the  case of t he  MEPED and HEPAD data ,  t he  DW opera t ion  i s  an 
accumulation of t he  number of events  occurr ing i n  a f ixed  t ime in t e rva l .  A s  
t he  dynamic range of t h e  observed f l u x  i s  very la rge ,  t he  o r i g i n a l ,  
accumulated 19-bit number i s  converted t o  an 8-bit quas i - f loa t ing  poin t  
r ep resen ta t ion  (p. 61) t o  reduce the  te lemet ry  requirement. The var ious  
channels a r e  mult iplexed between accumulators and i n t o  the  t e l eme t ry  format t o  
provide a sampling r a t e  commensurate w i t h  the  importance and rate of v a r i a t i o n  
f o r  the  p a r t i c u l a r  channel. For t h e  TED da ta ,  t h e  DPU c a r r i e s  out the  
summation over the  energy sweep t o  ob ta in  t h e  t o t a l  energy and d e t e c t s  t he  
energy i n t e r v a l  containing the  maximum flux.  
(Appendix H )  can be se l ec t ed  f o r  t he  TED da ta  t o  provide emphasis on d i f f e r e n t  
f e a t u r e s  of t he  TED submultiplexed da ta  f o r  d i f f e r e n t  appl ica t ion .  

A l t e rna t ive  te lemeter  formats  

6.2 DPU Functions 

The DPU performs the  fol lowing func t ions :  

1. Accumulate p u l s e  ou tputs  from the  TED, MEPED, and HEPAD p a r t i c l e  
d e t e c t o r s  and provide count data.  

2. Sample analog and d i g i t a l  housekeeping da ta  from the  p a r t i c l e  
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d e t e c t o r s  and d i g i t i z e  t h e  analog da ta  t o  8 b i t s .  

3. Format the  d a t a  above i n t o  a s e r i a l  telemetry da ta  stream t o  the  
TIROS Information Processor  (TIP). 

4. Provide analog and d i g i t a l  da t a  from p a r t i c l e  d e t e c t o r s  and DPU 
d i r e c t l y  t o  t h e  TIP. 

5. Receive, decode, and execute commands. 

6. Provide a l i n e a r  ramp and t iming s i g n a l s  f o r  the  p a r t i c l e  de t ec to r  
in-f 1 i g h t  ca l ib ra to r s .  

7. Provide power t o  the  p a r t i c l e  d e t e c t o r s  from a DC/DC converter.  

8. The DPU i s  t h e  SEM i n t e r f a c e  t o  t h e  spacecraf t .  

Appendices D, E and F con ta in  informat ion  wi th  c ros s  re ferences  on the  l e v e l  
sensors  and d e t e c t o r s  of which the  var ious  channels cons i s t .  

A block diagram of the  DPU appears i n  Figure 30. 

The DPU c o n s i s t s  of t h e  fo l lowing  c i r c u i t s :  

a. Timing and Control 

b. Analog and D i g i t a l  Mult iplexer  

c. P a r t i c l e  Detector Data Processors  

d .  A/D Converter 

e. Formatter 

f .  Command Processor 

g. Ramp Generator and IFC Programmer 

h. Low Voltage (LV) Power Supply 

a. The Timing and Control rece ives  s i g n a l s  from the  spacecraf t  and uses 
these  s i g n a l s  t o  genera te  a l l  the  t iming s i g n a l s  necessary w i t h i n  the  DPU and 
the  t h r e e  p a r t i c l e  de t ec to r s ,  The fo l lowing  t iming  s i g n a l s  a r e  received by 
t h e  DPU: 

a .  1 / 3 2  Hz sync (32 s i s  a major da t a  frame per iod)  

b. 1 Hz sync 

c. 8.32 MIz 

d. A 1  Se l ec t  

S igna ls  a and b a r e  used t o  synchronize wi th  t h e  T I P  major frame (32 s) and 
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minor frame ( 2  8 ) .  Signal  c i s  used a s  the  bas i c  c lock i n  a l l  the  c i r c u i t s  
and i s  a l s o  the  r a t e  a t  which da ta  a r e  being t r ansmi t t ed  t o  TIP. 
determines t h e  t ime i n  a TIP frame of 100 me when da ta  from DPU are being 
t ransmi t ted .  This s i g n a l  is received only when TIP  wants DPU data. 

housekeeping da ta  from the  p a r t i c l e  de tec tors .  
two ways: 

Signal  d 

b. The Analog and D i g i t a l  Mult iplexer  r ece ives  analog and d i g i t a l  
The DPU handles t h i s  da t a  i n  

1. 
sampling r a t e  of once i n  32 8. 

b i t s  and i n s e r t s  t h e  converted da t a  toge ther  wi th  the  d i g i t a l  da t a  
i n t o  D i g i t a l  '!4It Output t o  the  TIP. 

The DPU has 26 analog and 48 d i g i t a l  channels ava i l ab le  a t  a 
It converts  each analog word i n t o  8 

2. 
spacecraf t .  Each source i s  on a separa te  l ine .  

Some of t he  housekeeping da ta  a r e  connected d i r e c t l y  t o  the  

c. 

19-bit  binary count i n t o  an exponent y and mantissa  x; y and x having 

The pulses  from t h e  p a r t i c l e  d e t e c t o r s  a r e  random pulses ,  counted i n  
a s p e c i a l  compression counter,  the  623C. On command, t h i s  counter converts  
t he  
four  b i t s  each. The e ight -b i t  number from each de tec to r  channel has  a t ime 
s l o t  assigned t o  i t  i n  t h e  frame format  a s  l i s t e d  i n  Appendix H. 

d. The A/D converter  changes analog s i g n a l s  t o  d i g i t a l  form f o r  
i n s e r t i o n  i n t o  D i g i t a l  A. (D ig i t a l  B i s  c rea ted  i n  t h e  spacecraf t  from analog 
s i g n a l s  from the  SEM and o t h e r  subsystems.) 

e. The da ta  from p a r t i c l e  d e t e c t o r s  and the  housekeeping da ta  a r e  
format ted  i n t o  a major frame of 640 8-bit words. 
160 b i t s / s .  Data a r e  sen t  only when an Al-select  s igna l  i s  received. 

The da ta  r a t e  t o  the  TIP i s  

f .  The DPU r ece ives  1 2  command l i n e s  from the  spacecraf t .  Eight of 
these  a r e  ' l e v e l  commands" which s t a y  a t  the  commanded l e v e l  u n t i l  changed 
from the  ground by another command. 
which s t ay  on var ious  sho r t  times (60 m s  f o r  NOM-G). 
inputs  and performs the  fo l lowing  func t ions :  

The fou r  remaining a r e  "pulse commands" 
The DPU decodes these  

1. Switches the  Power ON/OFF t o  each of t he  th ree  p a r t i c l e  
de t ec to r s .  

2 .  Establ i shes  Mode 1 o r  Mode 2 of da t a  t ransmission.  

3. S t a r t s  c a l i b r a t i o n  of t he  p a r t i c l e  de t ec to r s .  

4 .  Terminates the  c a l i b r a t i o n .  

5 .  Switches ON/OFF power t o  t h e  LV power supply i n  the  DPU. 

The command processor a l s o  bu f fe r s  and sends t o  the  TED s ix  l e v e l  and one 
pulse  command l i n e s  and t o  t h e  HEPAD seven l e v e l  and one pulse  command l ines .  
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g. The Ramp Generator and IFC Programmer, i n  response t o  a received 
command, genera tes  a l i n e a r  0-8V ramp and corresponding t iming  s i g n a l s  
necessary t o  perform the  c a l i b r a t i o n  of each p a r t i c l e  de tec tor .  

The c a l i b r a t i o n  sequence i s  se l f - te rmina t ing  and may a l s o  be terminated 
on command before  it runs i t s  f u l l  course. 

h. Low Voltage (LV) Power Supply 

This module supp l i e s  power t o  t h e  DPU and t o  each of t h e  sensors.  
DC/DC conver te r  genera tes  t he  fo l lowing  vo l t ages  from the  spacecraf t  28 v o l t  
main bus. 

A 

+6 v o l t s  1610 mW 
-6 v o l t s  1150 mW 

+12 v o l t s  1430 mW 
-12 v o l t s  760 mW 

+5 v o l t s  3060 mW 
+30 v o l t s  880 mW 

+350 v o l t s  35 mW 

8925 mW 
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6.3 Symbols & Data Conversion 

This section defines the data channel names and explains the data 
conversion from telemetered logarithmic compressed format to true count. 

a. Data Coding. The following notation is used to refer to the various 
data channels: 

channel names abc 

where a = 0, 30, 90 

b = see table 

c = see table 

For some channels a and c are not used. 

Symbol a = view direction 

0 = -x 
30 = 30' from -X axis in -X, -2 plane 

90 = goo from -X axis along +Z *. 
* In the case of the MEPED, this is only approximate to the angle from the -X 
axis. 

Various alternate forms of these codes are used which include spaces, hyphens, 
and subscripts. 
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Symbol b 

Svmbo 1 

I 

P 

P 

E 

S 

S 

A 

DE 

DP 

EF 

PF 

Irype Function/Source 

LOG Ions/MEPED 

LOG Protons/MEPED, HEPAD 

LOG** Po 8 it ive Ion 8 /TED 

LOG** Electrons/MEPED, TED 

LOG Coincidence Counter s/HEPAD 

LOG Singles Counters/HEPAD 

LOG Alpha Particles/HEPAD 

LOG Diff. Energy, Electrone/TED 

LOG Dif f . Energy, Protons/TED 
LOG/Preecaled Total Flux, Electrons/TED 

LOG/Prescaled Tot a1 Flux, Pro tons /TED 

** Except for EM, PM, see below. 

Symbol c 

1-8 

m 

M 

D 

BK 

FD 

Channel Number 

With E or P, an integer identifying 
the channel in which max counts appeared. 

With DE or DP, count in max channel 

Direct iona 1 

Background 

Direct iona 1 flux 
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b. Data Conversion 

1. The particle counts are log compressed into a two part (y, x) 
floating point hexadecimal format by the several Type 623 Floating Point 
Processors in the SEN, all of which work in the 19-8 mode. Conversion from 
hexadecimal to actual count may be done using either Table 6 or 7 for all 
channels except EFD and PFD. (Note: the bit numbering is assigned in reverse 
order from that in Table 14.) The count listed is the lowest actual count fed 
into the 623 which results in the y,x listed. 

I I 
I TABLE 6. Algebraic Conversion of Log Function to Count I 
I I 
I I 

MSB LSB 
7 6 5 4 3 2 1 0  

where, for any log function, 

y - Bits 7, 6, 5, and 4, 
I x - Bits 3, 2, 1, and 0. 
I 
I 
I 
I a> If y = 0 to 8: 
I 
I Count* = l(x + 16) 2(y + 6)1 + 1 
I 
I Except: If y = 8 and x = 15, Count = 0. 
I 
I * This conversion holds for all "log" functions except EFD and PFD 
I see 2. below 
I b) If y = 9: Count = x + 1. 
I 

Use the following equations with y and x decimal: 

I C) If y = 10: Count = x + 17. 
I 
I d) - lo)] + 1. If y = 10 to 15: Count = [(x + 16) 2(y 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

The telemetered hexadecimal values can be converted into a monotonic 
format by adding binary seven to all y values, binary one to all x values, and 
adding any resulting carrys to the y values. 
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- 
I I 

I 
I I 

I I 

I TABLE 7 .  Look-up Conversion of Log Function to Count 
- 

1 x 0  1 2 3 
I Y  I I I I 
I 0 I 1025 I 1089 I 1153 I 1217 
I 1 I 2049 I 2177 I 2305 I 2433 
I 2 I 4097 I 4353 I 4609 I 4865 
I 3 I 8193 I 8705 I 9217 I 9729 
I 4 I 16385 I 17409 I 18433 I 19457 
I 5 I 32769 I 34817 I 36865 I 38913 
I 6 I 65537 I 69633 I .  73729 I 77825 
I 7 I 131073 I 139265 I 147457 I 155649 
I 8 I 262145 I 278529 I 294913 
1 9 1  1 1  2 1  3 
I10 I 1 7  I 1 8  I 1 9  
111 I 33 I 35  I 37 
112 I 65 I 6 9  I 73 
113 I 1 2 9  I 137 I 145  
I14 I 257 I 273 I , 2 8 9  
115 I 513 I 545 I 577 

I I I 

4 5 

1281 I 1345 
2561 I 2689 
5121 I 5377 

10241 I 10753 
20481 I 21505 
40961 I 43009 
81921 I 86017 

163841 I 172033 

I 

311297 I 327681 I 344065 
4 1  5 1  6 

20 I 21 I 22  
3 9  I 41 I 43 
7 7  I 81 I 85 

153 I 161  I 1 6 9  
305 I 321 I 337 
609  I 641 I 673 

6 7 I 
I I  I 

1409 I 1473 
2817 I 2945 
5633 I 5889 

11265 I 11777 
22529 I 23553 
45057 I 47105 
90113 I 94209 

180225 I 188417 
360449 I 376833 

7 1  8 
23 I 2 4  
45 I 47 
89 I 93 

177 I 185 
353 I 369 
705 I 737 

0 1  
1 1  
2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  
9 1  
10 I 
11 I 
1 2  I 
13 I 
14 I 
1 5  I 

I I I I 1- I 
I 

I x 8  9 10 11 12  13 14 15 I 
I Y  I I I I I I I I I I  
1 0 I 1537 I 1601 
1 1 I 3073 I 3201 
I 2 I 6145 I 6401 
I 3 I 12289 I 12801 
1 4 I 24577 I 25601 
I 5 I 49153 I 51201 
1 6 I 98305 I 102401 
I 7 I 196609 I 204801 
I 8 I 393217 I 409601 
1 9 1  9 1  10 

1665 
3329 
6657 

13313 
26625 
53 249 

106497 
212993 
425985 

11 

1729 I 1793 
3457 I 3585 
6913 I 7169 

13825 I 14337 
27649 I 28673 
55297 I 57345 

110593 I 114689 
221185 I 229377 
442369 I 458753 

1 2  I 13  
I10 I 25 I 26 I 27 I 2 8  I 29 
111 I 49 I 51 I 53 I 55 I 57 

1857 I 1921 
3713 I 3841 
7425 I 7681 

14849 I 15361 
29697 I 30721 
59393 I 61441 

118785 I 122881 
237569 I 245761 
475187 I 491521 

14 I 1 5  
30  I 3 1  
59  I 6 1  

1985 I 0 I 
3969 I 1 I 
7937 

15873 
3 1745 
63489 

126977 
25 8953 

0 
16  
32  
63 

2 1  
3 1  
4 1  
5 1  
6 1  
7 1  
8 1  
9 1  

LO I 
11 I 

97 I 101  I 105  I 1 0 9  I 113  I 117 I 121 1 125  112 I 
225 I 233 I 241 I 249 I13 I 

112 I 
113 I 193 I 201 I 209  I 217 I 
114 I 385 I 401 I 417 I 433 I 449  I 465 I 481 I 497 114 I 
115 I 7 6 9  I 801 1 833 I 865 I 897 I 929 I 961 I 993 115 1 
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2. Conversion of Log Funct ions EFD and PFD To Count f o r  t he  TED Flux 
Measurements 

For t h e  TED t o t a l  f l u x  measurements (only)  a f i v e - b i t  p r e s c a l e r  i s  used 
i n  t h e  instrument  t o  s c a l e  t h e  count as t h e  h igh  v o l t a g e  changes on t h e  
d e f l e c t i o n  p l a t e s ,  and t h e  count ing r e g i s t e r s  are p r e s e t  t o  1 ( i n s t e a d  of 0 as  
f o r  o t h e r  channels ) .  Correc t ion  f o r  t h e  a d d i t i o n a l  count i s  not  s i g n i f i c a n t  
f o r  counts  above 33. 
readout  except  f o r  ca ses  where t h e  t r u e  count i s  less than  8 (i .e. ,  y = 9 and 
x < 7) .  I n  t h e s e  cases  t h e  p r e s c a l e r  b i t s  a re  included and t h e  va lue  of y i s  
modified t o  ove r l ay  t h e  normal (very h igh )  range of y = 6,  7, 8, g iv ing  a 
"double valued" t a b l e .  The c o r r e c t  va lue  must be determined from EFM o r  PFM 
va lues .  

The b i t s  of t h e  p r e s c a l e r  a re  not  included i n  t h e  

a .  I f  y = 9 and x - 4, 5, 6,  o r  7, gene ra t e  a new ' k l ' by  s h i f t i n g  t h e  
'k" b i t s  l e f t  one p o s i t i o n  and e n t e r i n g  t h e  MSB of t h e  p r e s c a l e  i n  t h e  LSB 
p o s i t i o n  of x ;  make t h e  new va lue  of y = 6, (e.g. ,  I f  x = 6 ( O S S O ) ,  s h i f t  t h e  
b i t s  t o  make t h e  new va lue  of x = 110 P where P i s  t h e  MSB of t h e  p r e s c a l e ) .  

b. I f  y = 9 and x = 2 o r  3, gene ra t e  a new 'k" by s h i f t i n g  t h e  "xs b i t s  
l e f t  two p o s i t i o n s  and e n t e r i n g  t h e  two MSB's of t h e  p r e s c a l e  i n  t h e  2 LSB 
p o s i t i o n s  of x ;  make t h e  new va lue  of y = 7. 

c .  I f  y = 9 and x = 1 o r  0,  gene ra t e  a new 'k" by p u t t i n g  t h i s  'k" b i t  
i n  t h e  MSB p o s i t i o n  of x and e n t e r i n g  t h e  3 MSB's of t h e  p r e s c a l e  i n  t h e  3 LSB 
of x ;  make t h e  new va lue  of y = 8. 

The a l t e r n a t e  output  i n  t r u e  count ,  where x and y are t h e  newly generated 
va lues  of x and y, then becomes: 

I TABLE 8. TED P r e s c a l e r  True Count I 
I 
I 
I 
I 

I 
I x = o  1 2 3 4 5 6 7 
I -- 
I 
I y = 6  THE HIGH VALUE 

THE HIGH VALUE 
I 
l y = 7  
I 
l y = 8  0 118 114 31 8 112 51 8 314 71 8 I 
I I 
l y m 9  
I 

INVALID FOR THESE TED WORDS 

I 
I 

I - 
I 

I x = a  9 10 11 12 13 14 15 
I 
I I 
l y = 6  4 4 112 5 5 112 6 6 112 7 7 112 I 

I 
l y = 7  2 2 114 2 112 2 3 / 4  3 3 114 ' 3 112 3 314 I 
I 

I I 
l y p 8  1 1 118 1 114 1 3 / 8  1 112 1 518 1 314 1 718 I 

I 
l y = 9  8 9 10 11 1 2  13 1 4  1 5  1 
I 
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7. INFLIGHT CALIBRATION IFC 

a.  The HEPAD and MEPED are of t h e  form 

1 LEVEL I I I 
I SENSOR 1 I I I 

I I 
I- 
I 

I. I I --- I I  SELECTION^ 
I I I 

1- I LEVEL I I I 
I SENSOR 2 1 I I 

I I 
I 
I 
I I I 
I e t c .  I I 
I I I 

---------- 
I I CHANNEL I 

I I LOGIC I---> TLM 

---------- 

For each i n c i d e n t  p a r t i c l e  t h e  d e t e c t o r  produces a q u a n t i t y  of charge 
which i s  p ropor t iona l  t o  t h e  energy depos i ted  i n  t h e  de t ec to r .  This  charge i s  
converted t o  a v o l t a g e  p u l s e  and a m p l i f i e d  u n t i l  it i s  a t  a s u i t a b l e  l e v e l  t o  
apply  t o  a Level Sensor each of which p u t s  o u t  a log ic  level p u l s e  when t h e  
level i s  exceeded. It i s  usua l  t o  r e f e r  t o  t h e  l e v e l  i n  terms of t h e  energy 
depos i ted  i n  t h e  de t ec to r .  Th i s  i s  measured i n  e l e c t r o n  v o l t s  (eV). 

To c a l i b r a t e ,  t h e  e l e c t r o n i c  p o r t i o n  of t h e  system i s  s t i m u l a t e d  by 
i n j e c t i n g  known q u a n t i t i e s  of charge a t  t h e  input  of each p r e a m p l i f i e r  i n  
p a r a l l e l  w i t h  t h e  d e t e c t o r  u s ing  a small coupl ing c a p a c i t o r  d r iven  from a low 
impedance source of “tail .  pulses”.  
exponent ia l  decay. During t h e  f a s t  r ise ,  a known charge (Q = CV) i s  i n j e c t e d  
and processed by t h e  e l e c t r o n i c s  e x a c t l y  as i f  a p a r t i c l e  had en tered  t h e  
d e t e c t o r .  

These are  pu l ses  w i t h  a f a s t  r ise  and slow 

The s c a l e  i s  e s t a b l i s h e d  by t h e  t r a n s f e r  s c a l e  of t h e  d e t e c t o r  w, t h e  
charge on one e l e c t r o n  q and t h e  capac i t ance  of t h e  IFC c a p a c i t o r  C. 

w = 3.62 eV p e r  charge p a i r  r e l e a s e d  i n  t h e  d e t e c t o r .  (Ortec,  1985) 
q = 1.6021773 E-19 coulombs. 
C = approximately 1 pF. 

The s c a l e s  i n  t h e  appendices  a re  based on 45 mV/MeV. 

The pu l ses  a r e  ampl i tude  modulated by a ramp ( a c t u a l l y  a s t a i r - c a s e  of 
1024 s t e p s )  which rises from zero  t o  f u l l  s c a l e  i n  192 seconds. The 192 s 
per iod  i s  made by d i v i d i n g  t h e  s p a c e c r a f t  8320 Hz c lock  by (13 x 8 x 15  x 
1024). 

Levels  f o r  t h e  l e v e l  s enso r s  a re  found by a n a l y s i s  of t h e  output  da t a  on 
t h e  ground. The a n a l y s i s  a l s o  checks system n o i s e  and long-term s t a b i l i t y .  
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Upon receipt of the IFC ON command, the calibration generator in each of 
the instruments generates a sequence of calibration pulses, synchronized to 
the telemetry format. 
read-out cycle of the instruments, the calibration pulse amplitude (and the 
equivalent energy) is linearly increased from zero to a peak value. 
examining the sequence of readouts from an output channel during the 
calibration, it is possible to calculate the threshold energy level for that 
channe 1. 

During the sequence, which is long compared to the 

By 

In the absence of noise in the channel, the simplest read-out sequence 
observed would be of the form 

where C is a constant called the "complete count"which depends on the tail 
pulse frequency (8.32 kHz) and the accumulation time. 
channel is calculated by linear interpolation between zero and the ramp peak 
energy. One intermediate value P, where 0 < P < C, will occur if the level 
sensor turn-on occurs during an accumulation period. In most cases, because 
of sharing of accumulators, accumulation is not continuous so it is possible 
that P may not occur. 
interpolate between telemetry word levels. If it is not present, then the 
accuracy of the interpolation is limited to word interval quantization. 

The energy level of the 

If an intermediate value P is present, it is used to 

In the MEPED, the calibration pulses are gated on and off on alternate 
readouts. So, out of 96 values telemetered in 192 s 48 contain IFC values. 
This is done to measure the ambient particle background, which is significant 
in orbit and must be subtracted from the calibration. On the ground, this 
background will normally be zero. Thus, on the ground the following sequence 
will appear 

0 0 0 0 0 C 0 C 0 C 0 C 0, etc. 

where again P may or may not appear. 

In the lower energy channels of the MEPED and the singles channels of the 
HEPAD, the noise, which is due to the sum of noise from the detector and 
electronic noise from the preamplifier, is sufficiently large compared with 
the level sensor thresholds that it is necessary to keep track of the noise as 
a quantitative performance parameter. 
because in the extreme, it would cause one or more level sensors to trip 
continuously and render a channel or channels inoperative. 

An increase of noise is of concern 

The noise performance of each detector-preamplifier chain can be measured 
by observing the calibration telemetry sequence from the lowest energy level 
sensor connected to that detector. The effect of the noise is to broaden the 
turn-on of the level sensor so that instead of one possible intermediate value 
we expect to see several, e.g., 

O O O O O h i j k C C C C , e t c .  

where h, i, j, and k are partial values intermediate between 0 and C. 
Assuming gaussian noise statistics, the slope of the turn-on curve can be 
represented by a single parameter, the Full Width, Half Maximum (FWHM) value. 
This is the full width at half maximum amplitude of the resolution function 
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which is the differential of the turn-on curve we measure with the calibrator. 
Note that only one meaningful noise (FWHM) measurement is possible for each 
detector, using the lowest energy level. In some cases (the high energy 
omnidetectors in the MEPED, for instance), the the calibration data do not 
resolve the noise level. However, since the noise may be increased by a 
degraded detector or EMI, the value for FWIZM should be monitored routinely. 

b. The TED functions somewhat differently, although the interpretation 
of the calibration is similar. 

Using the total count channels OEFD, OPFD, 30EFD, and 30PFD, the 
thresholds are determined in the same way as described for the other 
instruments. The thresholds have 4 different values which are selected on 
command, and cycled automatically during the calibration sequence. The 
variable threshold is used in orbit as a means of limit checking the 
channeltron performance, which is subject to degradation with time and 
radiation, to determine when operating voltage adjustments are required. 

The IFC sequence also cycles the levels without applying artificial 
pulses so that the amplitude distribution of the detector outputs is obtained 
using natural events. 

c. There are two major subdivisions of analysis, real time and non-real 
t i m e .  Because of time constraints, real time analysis of the raw data 
(conducted on all data at the telemeter rate) is limited to limit checks. 

Non-real time analyses (conducted at a slower-than-telemeter rate) are 
done off-line for the following: 

Coincidence 
Thresholds FWHM Eff iciencv 

TED X 
MEPED X X 
HEPAD X X X 

d. Determination of Threshold 

Table 9 lists the number of channels and number of data points per channel. 

I TABLE 9 .  IFC DATA I 
I I- -- 

I Phase 1 I 2 I 3 I 4 I 
I I I I I 
1 NC ND I NC ND I NC ND I NC N D I  
I I I I I 

I TED 4 96 I 4 96 1 4  96 I 4 96 I 
I I I I I 
I MEPED 7 4 8  I 15 48 I 11 48 I NA NA 1 
I 1 1 2  12 I I 
I I I I I 
1 HEPAD 7 48 I 7 4 8  I 7 4 8  I 7 48 I 
I I I I I 

NC = Number of channels. ND = Number of data points per channel. 
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These values are examined in non-real time to determine the number of 
minor frames from the start of the IFC phase with zero counts (011, the number 
of subsequent minor frames with partial counts (Yl), and the number of 
subsequent minor frames with complete counts (XI). 
frame with a complete count, a minor frame appears with either a zero or 
partial count, an additional set of 0, Y, X is generated. For example: 

If subsequent to a minor 

Minor frame # 1 2  3 4 5 6 7 8 9 10 

Count o o P c c c o P c  c 
0 - Zero 
P - Partial 
C - Complete 

O1 y1 x1 02 y2 x2 

2 1 3  1 1 2  

The count required in a minor frame for a complete count, which depends on the 
particular channel being observed, is listed in Table 10. In addition to 
keeping the 0, X, Y values, keep the data channel readout for all partial 
counts. The following is a format: 

01, 
Data 

A checksum Of 01, Y1, X 
9. 
12 data points. 

should equal the number of data points shown in Table 
Note that in Phase 4 , the MEPED has two channels 01, 901 which have only 

I 
I I 

I Data Channel I Actual Count I 
I =  I I 
I I I 
I abFD I 83 20 I 
I I I 
I MEPED I I 
I 1 I 
I 01, 901 I 33280 I 
I P6, P7, P8 I 16640 I 
I All Others I 83 20 I 
I I I 
1 HEPAD I I 
I I I 
IP1, P2,P3, P4,Al ,A2 I 33280 I 
ISl, s2, s3 I 7 82 I 
I S4 I 20 800 I 
I S 5  I 9984 I 

I TABLE 10. Complete Counts 
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e. Determination of F u l l  Width Half Maximum 

Data f o r  FWHM c a l c u l a t i o n  v a r i e s  i n  s i z e  per  Table 11. Each has 48 da ta  
po in t s  per  set .  

TABLE 11. FWHM Data 

I MEPED OP1 OE1 9OP1 90E11 8,320 1 1 1 - 1/ I 
I I I I I 
I P6 PJ P8 I 16,640 I 1 I I 
I I I I I 
I HEPAD S1 S2 I 782 I 1-4 I 2/ I 
I I I I I 
I s3 I 782 I 3,4 I a/ I 
1, I I I 

- 1/ OP1 and 9OP1 channels have 2 FWHM Values--1 when the  counts a r e  increas ing ,  
the  second when the  counts a r e  decreasing.  

2/ There a r e  4 s e t s  of 48 d a t a  points /channel  (1 set / IFC phase).  
of t he  fou r  va lues  i n  each da ta  t i m e  s l o t  are used t o  c a l c u l a t e  t he  FWHM. 

The average 

There a r e  2 s e t s  of 48 da ta  po in t s  f o r  t h i s  channel (IFC Phase 3 ,4) .  The 
average of t h e  2 values  i n  each da ta  time s l o t  a r e  used t o  c a l c u l a t e  t h e  FWHM. 

Let t h e  d a t a  be i d e n t i f i e d  by a s t e p  number I i n  t h e  te lemetered 
sequence. I v a r i e s  from 1 t o  48. For channels with more than one s e t ,  average 
the  values  which have t h e  same I ( see  footnotes  i n  Table 11) .  Divide a l l  da t a  
by the  numbers spec i f i ed  i n  Table 11 while maintaining the  s t e p  number I f o r  
t he  r e s u l t a n t s .  Each new value i s  the  f r a c t i o n  F(Z, I ) ,  t h e  a rea  under the  
normal curve based on t h e  assumption of a gaussian d i s t r i b u t i o n  of noise .  
Find va lues  of 2 from t h e  t a b l e  of F vs .  2, i n  Appendix A, page 93. Ignore 
va lues  of F which exceed the  range of t he  t a b l e .  

Form a s e t  of numbers Z , I .  Because the  counts include f l u c t u a t i o n s ,  Z 
conta ins  e r r o r s .  
Z = a + b I,  However, t he  f i t  we need i s  I = A + B Z where the  i n t e r c e p t  A i s  
the  threshold  l e v e l  and t h e  s lope  B i s  the  s tandard dev ia t ion ,  both i n  u n i t s  
of I. Solve f o r  A and B us ing  a and b. 
mul t ip ly ing  by t h e  end energy of t h e  IFC ramp (given i n  Appendixes D and E) 
and d iv id ing  by the  number of s t e p s  ( t y p i c a l l y  48) i n  the  f u l l  sequence I t o  
reach t h a t  end energy. 
d i s s ipa t ed  i n  the  de t ec to r .  The FWHM i s  a n a l y t i c a l l y  defined a s  2 times the  
square r o o t  of ( 2  I n  2) t i m e s  t h e  s tandard dev ia t ion ,  so convert  t o  FWHM by 
mu1 t i p l  ying by 2.3 5482004. 

Accordingly we  make a leas t - square  f i t  of t h e  form 

Convert from u n i t s  of I t o  energy by 

A l l  of t h e  s c a l e s  a r e  based on 45 mV per  MeV 

Check t h i s  value of FWHM t o  see i f  i t  exceeds the  l i m i t  (not l i s t e d  he re ) .  
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Example : MEPED Data Channel OP1 IFC Phase 1 

Data from NOAA6 in orbit, 1986 June 19 day 170 start IFC 12:02:57Z. 

Divide Count by 8320. 
The count listed is the middle of the intervals listed in Table 7. 

Count F z 1 

1 
4 

18 
75 

265 
7 85 

1889 
3393 
5249 
6785 
7553 
8065 
7753 

.000120 

.000481 

.002163 . 00 90 1 4 

.031851 

.O 943 51 

.2 270 43 

.407813 

.630889 

.815505 

.907 813 

.96 93 51 

.931851 

7 
8 
9 

10 
11 

-1.314483 12 
-.748657 13 
-.233185 14 
+.334222 15 
+.898380 16 

+1.327472 17  
18 
1 9  

We make the least-square fit Z a + b I and solve for I 5 A + B Z.  

A = - a/b B = l/b 

We find that A = 14.417917 , B = 1.867308 and r2 = 0.998652 

Threshold = A x 75 keV / 48 
= 14.417917 x 75 / 48 5 22.53 keV cut-in 

FWHM = B x (75 keV / 48) x 2.35482 
= 1.867308 x (75 / 48) x 2.35482 6.871 keV 

End of example. 
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f .  Determination of Coincidence Eff ic iency .  

For IFC phases 1 and 2, no te  the  48  va lues  of A l ,  A2, P4 and S 5 .  Convert 
a l l  va lues  t o  a c t u a l  count. 

For each of t h e  fol lowing cases  f i n d  I f o r  t he  count nea res t  t o  the  
number l i s t e d  here :  

increas ing  decreasing 

A 1  83 20 16640 

A2 16640 -- 
P4 12979 16640 

The A1  observa t ion  time i s  a t  a value halfway between the  increas ing  
and decreasing t i m e  determined above. For P4, a s  wel l  a s  f o r  A2, i t  i s  
halfway between the  I and 48. 

Determine t h e  e f f i c i e n c i e s  us ing  Table 12. 
I 

I 
I I 

I I Double Coincidence I T r i p l e  Coincidence I 
I Data I Eff ic iency  I Eff ic iency  I 

I TABLE 12. COINCIDENCE EFFICIENCY 

I Channel I Observe S 5  a t  IO I Observe Data Ch. a t  IO I 
I I I I 
I I I I 

I I I 
I A 1  I (S5 @ I0)/9982 I (A1 @ 10)/33280 

I A2 I not  used 
I I 

Since Phase 2 i s  a repea t  of Phase 1, t h e r e  are two va lues  determined f o r  
each of t he  e f f i c i e n c i e s  above. Average these  va lues  and r epor t  them a s  the  
double and t r i p l e  coincidence e f f i c i e n c i e s  f o r  those da t a  channels.  

For Phases 3 and 4, no te  t h e  48 va lues  from each of the  da ta  channels P1, 
P2, P3, and S5.  

Use the  same technique a s  i n  Phases 1 and 2 except p ick  I nea res t  
t hese  numbers (Table 13 ) :  

Table 13 
Count Increas ing  Decreasing Eff ic iency  I 

I 
P 1  83 20 16640 (PI  @ Io)/33280 I 

I 
P2 16640 16640 (p2 @ 10)/33280 I 

I 
P3 16640 16640 (€9 @ I0)/33280 I 

I 
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Each da ta  channel has two I va lues  where the  count is near the  l i s t e d  number 
because a s  t he  IFC ramp i s  increased, t h e  cut-on threshold is  passed and 
subsequently the  cut-off th reshold  is passed. The values des i red  a r e  a t  t h e  
po in t s  h and j shown on t h e  fo l lowing  example: 

Example 

1 
I 33280 -- 

Count I 
P2 I 

I 
I 
I Increas ing  
I Count 
I 

-- 
Decreasing 
Count 

01 0-0-0’1 I I I 
I 

1 2 3 4 5 6 7  8 9 time ( index I )  

I f o r  P2 near  16640 increas ing  i s  5 

I f o r  P2 near  16640 decreasing i s  7 

The I halfway between these  two is  6. 
used i n  the  equat ion t o  determine the  t r i p l e  coincidence e f f ic iency .  

Therefore the  value of P2 f o r  I = 6 i s  

End of example. 
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TED IFC 

The TED IFC c o n s i s t s  of 4 phases of 192 seconds each. See Appendix C. A 

The TED 
0-4 V ramp i s  pu t  i n .  The th re sho ld  of t h e  d i s c r i m i n a t o r  i s  determined f o r  
each of 4 channels  a t  4 a t t e n u a t o r  s e t t i n g s ;  one f o r  each phase. 
s t a y s  i n  IFC Mode f o r  102.4 minutes  a f t e r  complet ion of t h e  4 phases  (see n o t e  
2, p. 88).  

S t robe  #1 wi th  SEM LINE 1 TRUE s tar ts  t h e  TED/HEPAD IFC. The c a l i b r a t i o n  
starts anytime from 0-192 seconds a f t e r  t h e  command i s  g iven  s i n c e  t h e  192- 
second ramp must be  a t  zero  f o r  t h e  sequence t o  begin.  This  ramp is  
synchronized t o  t h e  32-second major frame. Therefore  t h e  IFC s t a r t s  a t  t h e  
s t a r t  of a major frame. In minor frame 285 word 20 b i t  1, a "1" w i l l  appear 
i n d i c a t i n g  t h a t  t h e  IFC began i n  t h a t  major frame, and w i l l  s t a y  as long as 
TED/HEPAD IFC is on, 

Each TED IFC phase c a l i b r a t e s  a d i f f e r e n t  g a i d a t t e n u a t o r  combination, 
t h a t  i s ,  each c a l i b r a t e s  one of t h e  f o u r  TED l e v e l s .  The Oo p u l s e  he igh t  
d e t e c t o r  l e v e l  i s  contained i n  word 20 minor frame 265 b i t s  1 and 2. The 30' 
p u l s e  h e i g h t  d e t e c t o r  level is contained i n  word 20 minor frame 265 b i t s  3 and 
4. The levels from 1 t o  4 are  te lemetered  as b ina ry  names 00, 01, 10,  11. 
See p .  76, p. 89. 

MEPED IFC 

The MEPED IFC c o n s i s t s  of t h r e e  phases of 192 seconds each. The v a r i o u s  
ramp ampl i tudes  are  s p e c i f i e d  i n  Appendix D. 
level senso r s  and FWHMs f o r  9 s o l i d  s t a t e  d e t e c t o r s .  

IFC measures th re sho lds  f o r  15  

S t robe  #I w i t h  SEM LINE 2 True s ta r t s  MEPED IFC. B i t  2 i n  minor 
frame 285 word 20 w i l l  go high i n  t h e  major frame i n  which t h e  IFC began. 

Note: 
command. However, i t  i s  a l lowable  t o  command both s tar ts  s imultaneously.  

I f  t h e  TED/HEPAD IFC is i n  p rogres s  do not  send t h e  "Star t  MEPED IFC" 

HEPAD IFC 

The HEPAD IFC c o n s i s t s  of 4 phases of 192 seconds each. The ramp s i z e  i n  
e i t h e r  energy o r  pho toe lec t rons  i s  s p e c i f i e d  i n  Appendix E. There are  t h r e e  
va lues  which must be c a l c u l a t e d  i n  non-real time f o r  t h e  HEPAD; t h r e s h o l d s  f o r  
10 l e v e l  sensors ,  FWHM f o r  2 d e t e c t o r s  and t h e  photo m u l t i p l i e r  tube  (PMT) 
and double and t r i p l e  co inc idence  count ing e f f i c i e n c y  f o r  t h e  e l e c t r o n i c  
co inc idence  g a t e s .  
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8. TELEMETRY 

8.1 Data Transmission and Processing 

The SEM da ta ,  which u t i l i z e  two f u l l  words ( 8  b i t s  each) i n  each 100 m s  
TIP  minor frame, a r e  dumped from tape  i n  the  spacecraf t  t o  t h e  NOAA NESDIS CDA 
s t a t i o n s  along with a l l  o the r  TIP da ta .  It i s  then t ransmi t ted  t o  Washington, 
D.C., by communication c i r c u i t s .  The SEM data  stream i s  separated out  along 
with re levant  D i g i t a l  B spacecraf t  analog da ta .  Orbi t  information i s  added i n  
the  NESDIS computer system and t h e  r e s u l t a n t  da ta  a r e  t ransmi t ted  t o  the  SESC 
SELDADS I1 (Space Environment Laboratory Data Acquis i t ion  and Display System) 
computer i n  Boulder, Colorado where t h e , d a t a  a r e  s to red  f o r  immediate 
opera t iona l  use. 
r ece ive  i s  about 100 minutes o ld .  

Our present  experience i s  t h a t  t he  most recent  da t a  we 

SELDADS I1 archives  on magnetic tape  t h e  raw da ta  a s  received from 
NESDIS. These raw tapes  a r e  processed off  l i n e  t o  produce the  a rch ive  t apes  
a s  descr ibed i n  NOAA Technical Memorandum ERL SEL-71. SELDADS I1 presen t ly  
(1986) keeps on l i n e  t h e  most recent  8 days of raw da ta ,  a s  wel l  a s  t he  most 
recent  32 days of c e r t a i n  processed da ta  s e t s .  
a l low SEL s t a f f  t o  monitor t he  NOAA SEM. 

Daily p l o t s  and s t a t u s  r e p o r t s  

8.2 Data Formats 

Analog s igna l s  and d i g i t a l  da t a  move from the  SEM t o  the  TIP i n  t h r e e  
d i f f e r e n t  ways. 

The D i g i t a l  A da t a  a r e  sen t  a s  a s e r i a l  da t a  stream which conta ins  a l l  
da ta  and SEM housekeeping information. D i g i t a l  B da ta  a r e  t ransmi t ted  from 
the  DPU t o  the  spacecraf t  over p a r a l l e l  D i g i t a l  B da t a  l i n e s  where they a r e  
sub-multiplexed i n t o  the  spacecraf t  D i g i t a l  B da t a .  The analog housekeeping i s  
sen t  over p a r a l l e l  analog l i n e s  t o  t h e  spacecraf t  where it i s  sub-multiplexed 
i n t o  the  spacecraf t  analog words. 

Appendix H gives  the  SEM D i g i t a l  A output format. Also l i s t e d  a r e  the  
changes t o  t h i s  format f o r  d i f f e r e n t  modes. 

The next severa l  pages l i s t  t h e  minor frame numbers where each datum 
appears i n  D i g i t a l  A.  

Table 1 4  shows the  d i g i t a l  subcom words i n  d i g i t a l  A. Table 1 5  shows 
the  analog words i n  d i g i t a l  A. 
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l i s t  : 

TED Data Locat ion i n  D i g i t a l  A 

The TED d a t a  l o c a t i o n  w i t h i n  t h e  TIP TLM format i s  shown i n  t h e  fol lowing 

- Data Channel 

ODE 1 

30DE1 

ODP 1 

30DP1 

ODE3 

3 ODE3 

ODP3 

30DP3 

ODE5 

30DE5 

ODP 5 

30DP5 

ODE7 

3 ODE 7 

ODP 7 

3 ODP 7 

Minor Frame * 

5, 85, 165 

25, 105, 185 

45, 125, 205 

65, 145, 225 

6,  86, 166 

26, 106, 186 

46, 126, 206 

66, 146, 226 

7, 87, 167 

27, 107, 187 

47, 127, 207 

67, 147, 227 

8, 88, 168 

28, 108, 188 

48, 128, 208 

68, 148, 228 

Word 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 
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- Data Channel 

OEBK 

OPBK 

OEM 

OPM 

30EBK 

30PBK 

3 OEM 

3 OPM 

OEFD 

OPFD 

30EFD 

3 OPFD 

ODEM 

ODPM 

3 ODEM 

3 ODPM 

Minor Frame Word 

245 20 

2 46 20 

9, 29, 49, 69, 89, 109, 21 * 
129, 149, 169, 189, 209, 229, 249, 26 

same as OEM 21 * 
2 47 20 

248 20 

10, 30, 50, 70, 90, 110, 20 * 

D9 

130, 150, 170, 190, 210, 230, 250, 270, 290, 310 

same a s  30EM 20 * 
16, 36, 56, 76, 96, 116, 20 

136, 156, 176, 196, 216, 236, 256, 276, 296, 316 

same a s  OEFD 21 

17, 37, 57, 77, 97, 117, 20 
137, 157, 177, 197, 217, 237, 257, 277, 297, 317 

same as 30EFD 21 

18, 38, 58, 78, 98, 118, 20 
138, 158, 178, 198, 218, 238, 258, 278, 298, 318 

same a s  ODEM 21 

same a s  30DE 21 

* The t'Ett d a t a  a r e  t h e  f i r s t  4 b i t s  of t h e  word and t h e  "P" d a t a  t h e  second 4 
b i t s .  
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MEPED Data Location in Digital A 

Data Channel - 
OP1 

OP2 

OP3 

OP4 

OP5 

OE1 

OE2 

0 E3 

90P 1 

90P2 

90P3 

90P4 

90P5 

90E1 

90E2 

Minor Frame 

0, 20, 40, 
140, 160, 180, 
280, 300 

-- 

1, 21, 41, 
141, 161, 181, 
281, 301 

same as OP2 

60, 80, 100, 120, 
200, 220, 240, 260, 

61, 81, 101, 121, 
201, 221, 241, 261, 

2, 22, 42, 62, 82, 102, 122, 
142, 162, 182, 202, 222, 242, 262, 
282, 302 

same as OP4 

3, 23, 43, 63, 83, 103, 123, 
143, 163, 183, 203, 223, 243, 263, 
283, 303 

same as O E l  

4, 24, 44, 64, 84, 104, 124, 
144, 164, 184, 204, 224, 244, 264, 
284, 304 

10, 30, 50, 70, 90, 110, 130, 
150, 170, 190, 210, 230, 250, 270, 
290, 310 

11, 31, 51, 71, 91, 111, 131, 
151, 171, 191, 211, 231, 251, 271, 
291, 311 

same as 90P2 

12, 32, 52, 72, 92, 112, 132, 
152, 172, 192, 212, 232, 252, 272, 
292, 312 

same as 90P4 

13, 33, 53, 73, 93, 113, 133, 
153, 173, 193, 213, 233, 253, 273, 
293, 313 

same as 9OE1 

- Word 

21 

20 

21 

20 

21 

20 

21 

20 

21 

20 

21 

20 

21 

20 

2 1  
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Data Channel 

90E3 

P6 

P7 

P8 same as P7 

01 0, 160 

90 I 20, 180 

HEPAD Data Location in Digital A 

Minor Frame 

P1 4, 44, 84, 124, 164, 204, 
244, 284 

P2 5,  45, 85, 125, 165, 205, 
245, 285 

P3 6,  46, 86, 126, 166, 206, 
246, 286 

P4 7, 47, 87, 127, 167, 207, 
247, 287 

A1 8, 48, 88, 128, 168, 208, 
248, 288 

A2 9, 49, 89, 129, 169, 209, 

-- - Data Channel 

249, 289 

s5 24, 64, 104, 144, 184, 224, 
264, 304 

s 4  25, 65, 105, 145, 185, 225, 
265, 305 

SI 26, 66, 106, 146, 186, 226, 
266, 306 

s 2  27, 67, 107, 147, 187, 227, 
267, 307 

s 3  28, 68, 108, 148, 188, 228, 
268, 308 

Minor Frame 

14, 34, 54, 74, 94, 114, 134, 
154, 174, 194, 214, 234, 254, 274, 
294, 314 

same as 9033 

15,  35,  55, 75, 95, 115, 135, 
155, 175, 195, 215, 235, 255, 275, 
295, 315 

Word - 
21 

21 

21 

21 

21 

20 

21 

21 

21 

21 

21 

Word 

20 

21 

20 

21 

20 

20 
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-- 
I 
I 

I TABLE 14. DIGITAL A SUBCOM WORDS I 

I Bit 1 Frame 265 Word 20 D1 I , Frame 266 Word 20 D2 I I 

I I 

I 1 

I I 

I I 

I I 

I I 

1 (MSB) 1 I TED 

I 2 I TED 

I 3 I TED 

I 4 I TED 

I 5 I TED 

(OE-OP)PHD bit 0 I Level Command 0, (DCB 1) I 
I I 

(OE-0P)PHD bit 1 I Level Command 1, (DCB 2) I 
I I 

(30E-30P)PHD bit 0 I Level Command 2, (DCB 3)  I 
I I 

(30E-30P)PHD bit 1 I Level Command 3, (DCB 4) I 
I I 

Mode Status bit 0 I Level Command 4, (DCB 5) I 
I I 

I 6 I TED Mode Status bit 1 I Level Command 5, (DCB 6) I 
I I I I 
I 7 I TED On/Off I Level Command 6, (DCB 7) I 
I I I I 
I (LSB) 8 I MEPED On/Off I Level Command 7, (DCB 8) I 
I I I I 
I I 

I 1 I 
I I 
1 2 I 
I I 
I 3 I 
I I 
I 4 1  
I I 
I 5 1  
I I 
I 6 I 
I I 
I 7 I 
I .  I 
I 8 1  

TEDIHEPAD IFC On/Off 

MEPED IFC On/Off 

Low Voltage On/Off 

HEPAD Power On/Off 

Zero 

Zero 

Zero 

Zero 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Pulse Command PC1 SEMDP 

Pulse Command PC2 SEMTD 

Pulse Command PC3 SEMHD 

Pulse Command PC4 SEMPS 

Telemetry Mode 1 or 2 

Zero 

Zero 

Zero 

I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Frame 305 Word 20 = Sync Pattern 1111 0011 = f3H D5 

Frame 306 Word 20 = Sync Pattern 0101 0000 = 50H D6 

Status of "bit 0" is determined by status of DCB 4, and status of "bit 
1" is determined by status of DCB 5, when the affected variable was last 
addressed by a PC'#2 strobe. (See "TED Commandstt, p. 88 and list p .  89 . )  

Pulse Command bits are "1" for one or two major frames after the 
corresponding pulse command is sent; otherwise they are "0". 
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In Table 14 PHD means pulse height detector referring to the setting of the 
TED level. D1 through D6 are names used in SEL printouts. 

I 
I I 

I Minor I Cal Data I I 
I Frame I Word I Finure # I Sinnal Name I 

I I I I 

I TABLE 15. HOUSEKEEPING SUBCOM in DIG A 

I 
I 29 
I 40 
I 60 
I 69 
I 8 0  
I 100 
I 109 
I 120 
I 140 
I 149 
I 189 
I 200 
I 220 
I 229 
I 240 
I 260 
I 267 
I 268 
I 269 
I 280 
I 287 
I 288 
I 300 
I 307 
I 308 
I 309 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

20 I 
20 I 
20 1 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 
20 I 

31-1 1 MEPED SSD Bias (Electron) I 
31-1 I MEPED SSD Bias (Proton) I 
32 

33 
32 

32 
32 

-- 

-- 

-- _- -_ 
31-1 

31-1 
32 
31-1 
31-1 

33 
32 

-- 

-- 

MEPED Omni Temperature I 
Spare I 
MEPED Electronics Temperature I 
Spare I 
MEPED Electron Telescope Temp. I 
DPU Temperature I 
Spare I 
Spare I 
Spare I 
TED Channeltron E HV I 
Spare I 
TED Channeltron P HV I 
TED Temperature I 
DPU +12V I 
TED Low Voltage Ramp I 
Spare I 
HEPAD HV PS I 
HEPAD Electronics Temperature I 

MEPED Proton Telescope Temperature I 

33 I TED CEA 
31-1 I HEPAD SSD Bias 
32 I HEPAD PMT Temperature 
31-1 I D W  IFC Ramp -- I Spare 

I, I 

Typical telemetry values may vary from instrument to instrument. Test 
values for each instrument may be found in the End Item Data Package for that 
instrument. 
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The D i g i t a l  B t e l eme t ry  d a t a  provided by t h e  SEM are shown i n  Table 16. 
A l l  of t h e  SEM D i g i t a l  B d a t a  a r e  a l s o  included i n  t h e  SEM D i g i t a l  A d a t a .  

I 
I I TABLE 16. DIGITAL B TELEMETRY I 

I Signa l  Name I Sta t e*  IMinor ICh. IWord 81 Output I 

I----------------------~---------~---------~-----~---~------~------------ I 
I I I I I I  I I 
I LV I Off I On I 25 11851 6 I 1 I 
I TED Power I Off I On I 25 12171 7 I 1 I 
I HEPAD Power I O f f  I On I 25 I2491 8 I 1 I 
I I I I I I  I I 
I MEPED Power I Off I On I 26 I 261 MSBl 1 1 I 
I TED/HEPAD IFC On I Yes I No I 26 I 581 2 I 2 I 
I MEPED IFC On I Yes I No 1 2 6 1 9 0 1  3 1  2 I 
IL D Cmd. LCO (DCB-1) I 1 I 0 I 26 J1221 4 I 2 1 
IL D Cmd. L C l  (DCB-2) I 1 I 0 I 26 11541 5 I 2 I 
IL D Cmd. LC2 (DCB-3) I 1 I 0 I 26 I1861 6 I 2 1 
IL D Cmd. LC3 (DCB-4) I 1 I 0 I 26 12181 7 I 2 1 
IL D Cmd. LC4 (DCB-5) I 1 I 0 I 26 12501 LSB8 I 2 I 
I I I I I I  I I 
IL D Cmd. LC5 (DCB-6) I 1 I 0 1 2 7  1 2 7 1  1 1  2 I 
IL D Cmd. LC6 (DCB-7) I 1 I O  1 2 7 1 5 9 1  2 1  2 I 
IL D Cmd. LC7 (DCB-8) I 1 I O  I 27 I 911 3 1 2 I 
ITelemetry Format 1 / 2  I 1 I 2 I 27 11231 4 I 3 I 
I I I 1-1- I I I 

I ]Logic "1"ILogic "0"IFrame INo. I B i t  I C i r c u i t  I 
I I ' I  I 1 1 no. IFigure 31 I 

* Logic "I" i s  a "True", "Low Voltage" s t a t e .  A l l  D I G  B s t a t u s  b i t s  a r e  i n  
Logic "1" s t a t e  when t h e  SEM is  OFF. 

Ch. No. r e f e r s  t o  s p a c e c r a f t  t e l eme t ry  channels ,  n o t  t o  SEM D I G  A channels .  
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The analog subcom telemetry data provided by the SEM are shown in Table 
17. Equations relating values in engineering units to telemetered voltages 
are given in Table 18 (p. 80). Interface circuits for analog telemetry are 
shown in Figures 31 - 37. All of the SEM Analog Subcom Telemetry data are 
also included in the SEM Digital A data. 

IATETl TED Temperature * I 32 I 32 I 21 4 

IAEPSl TED Channeltron E HV I 34 I 32 I 119,279 
IAPPSl TED Channeltron P HV I 34 I 32 I 127,287 
lAMPTl MEPED Proton Telescope I 32 I 32 I 135,295 

IAMETl MEPED Electron Telescope I 32 I 32 I 23 0 

IAMSSl MEPED Proton Detector I 35 I 32 I 143,303 

IAHPTl HEPAD PM Tube Temp. * I 32 I 32 1 151,311 
IAHETl HEPAD Unit Temperature * I 32 I 32 I 159,319 
IAMPVl HEPAD PM Supply Voltage I 34 I 16 I 111,271 
IAHSSl HEPAD SS Detector Bias 1 35 I 16 I 4,164 

IAIFC I DPU IFC Ramp I 37 I 16 I 96,256 
IADPUl D W  Temperature * I 32 I 16 I 97,257 
/AMELI MEPED Electronics Temp. I 33 I 16 I 3,163 
IALVR I TED LV Ramp I 36 I 16 I 2,162 

IACEAl TED CEA PS I 34 I 32 I 222 

I I Temperature * I I I 

I I Temperature * I 1 I 

I I Bias Voltage 1 . 1  I 

I I Vo 1 t age I I I 

I - 1- I I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,I 

21 4 
222 
119 
127 
13 5 

23 0 

143 

151 
159 
2 86 
2 94 

302 
310 
31 8 
3 26 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

** 
** 

Notes : 

* 
Temperature telemetry is available at all times when the +28V Analog 
Temperature Telemetry Bus is on, with one exception. 
temperature, as well as all other non-temperature analog telemetry, is 
available only when the SEX is on. 

Indicates signals on the 28 V Analog Temperature Telemetry Bus. 

MEPED electronics 

** 
(CEAPS MON is Channel 119, and CH E Bias Voltage is Channel 222). 

For NOAA-B through NOAA-G, these two telemetry signals are interchanged. 

1, 
respectively, of each TIP Minor Frame. 

The 32 and 16 second Analog Subcom data are read out in words 9, and 10 

2, See Table 18 (p. 80) for equations. 
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I 214 
I 
I 
I * 222 
I 
I * 119 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

127 

135 

230 

143 

151 

159 

2 86 

2 94 

302 

310 

31 8 

3 26 

I 
I 

I 

I 

I I I 
I I 199.58V - 169.19 I 

I TED CEA PS 

I TED Ch. E HV level 

I TED CH. P HV level 

I MEPED P Tel. Temp. I 0.463V5 - 7.01V4 + 42.33V3 - 126.47V2 + I 

199.58V - 169.19 
313V + 178 

5.3038 - 11.515 round 

5.3858 - 9.88 round 

I I 199.58V - 169.19 I 
I I 
I MEPED P Det. Bias V. I 884.158 
I I I 
I I 199.588 - 169.19 I 
I I I 

I 1 199.58V - 169.19 I 
I I I 
I HEPAD PMT HV level I 88.298 - 110.07 round I 
I I 1 
I HEPAD SS Det. Bias V.1 889.16V I 
I I I 
I DPU IFC Ramp I 1.6V I 
I I I 
I DPU Temperature I 0.463V5 - 7.01V4 + 42.33V3 - 126.47V2 + I 
I I 199.58V - 169.19 I 
I I I 

i I 89.98V - 103.97 I 
I I I 
I TED LV Ramp I v  1 

I HEPAD PM Tube Temp. I 0.463V5 - 7.01V4 + 42.33V3 - 126.4782 + I 

I HEPAD Unit Temp. I 0.463V5 - 7.01V4 + 42.33V3 - 126.4782 + I 

I MEPED Elect. Temp. I 0.235V5 - 3.21'114 + 18.0983 - 52.11V2 + I 

I I I I 
--I__ 

V is the voltage passed from the SEM to the spacecraft which digitizes and 
telemeters the voltage to the ground. V = 0.02 n where n is the decimal 
value of the telemetered number. 
to 5.10 volts. 

See Table 17 (p. 79) for an output circuit list. 

n ranges from 0 to 255 so V ranges from 0 

* For NOAA-B through NOAA-G, these two signals are interchanged. 

80 



1 FEM +lev 

10K $ 
+- SIC TLM 

SIG’GND 

* DigB 185 (LV conv) is connected directly to SEM + 1OV (no switch) 

2 

TLM 

CD 4049A 

3 

CD 
4013A 2 .  

20K 

b t TLM 

Figure 31 .-Output Circuits 
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+28V BUS AN. TLM 

SIC 

OUT 
0 - 

T TLM 

';lr 
1 N756A 
REF. 

7.5K 

t b  VOLTAG E = 8.2V 

A 

Typical six places for TIROS-N and NOAA-A to NOAA-D 
Typical four places for NOAA-E, F & G 

Te m p-OC 

20 
30 
35 

RT -KQ 

88.27 
52.00 
30.50 
18.00 
11.00 
7.35 
4.92 
3.30 
2.78 

Vout - v 
1.67 
2.34 
3.08 
3.78 
4.32 
4.67 
4.99 
5.13. 
5.20 

Best fit Polynomial: 
Temperature = 0.463V5-7.01V4+ 42.33V3-126.47V2 + 199.58V - 169.19 

Figure 32.-Spacecraft-Powered Temperature TLM Output Circuit 
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+ 12v 

18.2K i 
RT Themi s tor , 

DIG A 
TLM 

2K 5K 
t b  A 

T -  
A - -S/C TLM* 

SIG 'GND 

TEMP -0C 

-40 
-30 
-20 
-1 0 

0 
10 
20 
30 
35 

RT - KQ 

88.27 
50.8 
30.0 
18.3 
11.5 
7.35 
4.92 
3.30 
2.78 

v out -v 

1.482 
2.143 
2.848 
3.495 
4.028 
4.439 
4.724 
4.931 

*The only SEM powered temperature telemetry contained 
in 16 second and 32 second subcoms of SIC telemetry 
is MEPED Electronics Temperature. 

Best fit polynomial: 
Temperature = 0.235V5 - 3.21V4 + 18.09V3 - 52.11V2 + 89.98V - 103.97 

Figure 33.-SEM-Powered Temperature TLM Output Circuit 
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R l  
+ 12v+-, 

- w 

I I  
I I  

- 
R3 5K 

o.--yu - - 
R5 1 -L I 

NAME R1,R2 R3 R4 R5 c 1  

E o r P  H V  lOOK 2.OK 1.17M 250K O.Oluf 
CEA 51 K 2.OK 590K 12.5K 0.47uf 
HEPAD PMT lOOK 9.1 K 330K 250K O.Oluf 

c 2  

4Mpf 
470pf 

2200pf 

DigA 
TLM 

SIC 
TLM 

Figure 34.-HEPAD and TED H V  Power Supply Monitor Analog TLM Output Circuit 



+ 350V 

SAT 

R1 

R3 

I DETECTOR ( + )  

e R2 

0.034uf 

t 4 IN756A 
I 
I 15K \ I 

DIG A 
TLM 

SIC 
TLM 

HEPAD MEPAD 

Short 14.4M 
2.94M 

R3 4.32M 20M 

Figure 35.-HEPAD/MEPED Bias Voltage TLM Output Circuit 

85 



DIG A 
TLM 

2K 5K 
a 

Figure 36.--TED LV Ramp TLM Output Circuit 

tp - - SIC TLM 

b 
CONNECTOR 

4B 

SIG'GND 

TLM 

DIVIDER CHAIN 
l3 l5 1024 = 192 s 

8320 Hz 

-I - 192 s I 
Figure 37.-DPU IFC Ramp TLM Output Circuit 
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9. COMMAND 

9.1 General Informat ion  

The SEM command scheme c o n s i s t s  of s e t t i n g  e i g h t  (8) two-state  command 
l i n e s  from t h e  s p a c e c r a f t  t o  t h e  DPU t o  e i t h e r  "0" o r  "1". One of f o u r  two- 
s t a t e  p u l s e  command l i n e s  are  then  s t robed  which sets t h e  command i n t o  t h e  
a p p r o p r i a t e  memory i n  t h e  SEM. 

A l l  commands s t robed  w i t h  P u l s e  Command'#4 (PC #4) o p e r a t e  l a t c h i n g  
r e l a y s .  A "1" (0 v o l t s )  on t h e  i n d i c a t e d  Data Command B i t  (DCB) l i n e  w i l l  set  
t h e  s t a t e  of t h e  i n d i c a t e d  r e l a y .  A l l  o t h e r  DCB l i n e s  should con ta in  "0" 
u n l e s s  t h e  o p e r a t o r  d e s i r e s  t o  change t h e  s t a t e  of more than  one r e l a y  by 
means of a s i n g l e  PC'#4 s t r o b e .  DCB l i n e s  have a second name "Level Command" 
(LC) as shown he re  w i t h  0 t o  7 numbers. 

COMMANDS ACTIVATED BY A PC #4 STROBE SOCC name SEWS 

socc 
name 
SMLl 
sML2 
sML3 
sML4 
sML5 
SML6 
sML7 
SML8 

Command B i t  

DCB 1 (LC#O) 
2 (LC#l) 
3 (LC#2) 
4 (LCl3) 
5 (LC#4) 
6 (LCl5) 
7 (LC06) 
8 (LC#7) 

Meaning of s t a t e  "1" 

MEPED ON 
MEPED OFF 
TED ON 
TED OFF 
HEPAD ON 
HEPAD OFF 
LV ON 
LV OFF 

NOTES : 

1. 
It i s  wise t o  s e t  DCB 8 t o  "0" ( F a l s e )  b e f o r e  sending PC'#4 St robe ,  s i n c e  t h e  
s t a t u s  of DCB 8 cannot be determined when t h e  instrument  i s  OFF. Other b i t s  
may be set  t o  "l", but  i t  is  no t  p o s s i b l e  t o  t u r n  on senso r s  wi th  t h e  same 
s t r o b e  which t u r n s  on t h e  LV. 

The LV power must be turned  on f i r s t ,  by s e t t i n g  DCB 7 t o  "1'' (True) .  

2. DCB 7 and DCB 8 must be set  t o  "0" ( F a l s e )  b e f o r e  a s t r o b e  s e n t  t o  t u r n  
on any of t h e  senso r s  w i l l  be  e f f e c t i v e .  

3. 
t h r e e  sensor  r e l a y s  i n  t h e  %FF" p o s i t i o n .  

Turning LV o f f  (DCB 8 = "1" , followed by PC 04 s t r o b e )  a l s o  l eaves  a l l  

9.2 IFC and Format Commands 

The Pu l se  Command 1 (PC # I )  s t r o b e  wi th  DCB 1 t h r u  6 s e t s  l o g i c  s t a t e s  
Any f u n c t i o n a l l y  c o r r e c t  combination on Data Command B i t  (DCB) i n  t h e  DPU. 

l i n e s  1 t h r u  6 may be  executed wi th  a s i n g l e  PC #1 s t r o b e .  

87 



COMMANDS ACTIVATED BY A PC #1 STROBE SOCC name SEMDP 

Command Bit Meaning of state "1" 

DCB 1 (LC#O) 
2 (LCIl) 
3 (LCP2) 
4 (LC#3) 
5 (LCP4) 
6 (LCP5) 
7 (LCP6) 
8 (LC#7) 

Start TED/HEPAD IFC 
Start MEPED IFC Note 3 
don't care 
Terminate IFC 
Select TLM Format 1 
Select TLM Format 2 
don't care 
don't care 

NOTES : 

1. TED/HEPAD and MEPED may be calibrated separately by setting DCB 1 or 
DCB 2 to 
However, a second IFC command should not be sent during the following 16 
minutes (except see Note 31,  unless the 'Terminate IFC" command is sent. Bad 
data may result. 

"l", or simultaneously by setting both DCB 1 and DCB 2 to "1". 

2. When the TED/HEPAD IFC is commanded, the TED will continue in "IFC 
Mode" for 102.4 minutes after completion of the ramp calibration cycles. 
During this time, unless the "terminate 1FC"command is sent, TED commands 
using PC'#2 strobe (see page 89) will have no effect. 

3. For correct results, MEPED IFC should not be commanded until the 
MEPED has been on for at least 20 minutes. 

9.3 TED Commands 

The Pulse Command'P2 (PC'#2) line is used to strobe six bits of the level 
commands (DCB lines 1 thru 6) into various holding registers in the TED. The 
three bits (DCB 3 thru 1) are used as a Register Address code and the 
remaining three (DCB 6 thru 4) as data bits. 
used. 

Two bits (DCB 8 and 7) are not 
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TED COMMANDS 

Command Bit 
DCB 6 5 4 3 2 1 I 

l M N O O O  I 
I -  - - - - - - - - -  

l M N O O l  

X X X O l X  

L M N l O O  

L M N l O l  

E P C l l O  E 

P 

C 

X O X l l l  

X l O l l l  

x l l l l l  

ACTIVATED BY A PC #2 STROBE * SOCC name SEMTD 

Commanded TED State - - - - - - - - - - - - - - - - -  
Set Oo Level to Levels 1-4. (MN = 00 to Ill 

M is bit 1 N is bit 0 
Set 30° Level to Levels 1-4. (MN = 00 to 11) 

Not used 

Set Proton Channeltron HVPS 
-2635 V to -3850 V (Approx. -200 V steps). 
LMN = 000(min) to lll(max negative) binary. 

Set Electron Channeltron HVPS 
+2900 V to +4200 V (Approx. 200 V steps). 
LMN 000(min) to lll(max) binary. 

Electron Channeltron HVPS ON/OFF 1 = ON Note 1 

Proton Channeltron HVPS ON/OFF 1 = ON Note 1 

CEA HVPS ON/OFF 1 - ON Note 1 

Normal TED MUX 

Electron h e 1 1  

Proton Dwell 

x = don't care 

* - See Note 3 for PC'#4 on p. 87 
See note 2 p. 88 

(1) 
dently. 
supply must be set for the desired status of that supply following the strobe 
command. 

The three high voltage power supplies cannot be commanded indepen- 
When commanding any of the supplies, the appropriate bit for each 

9.4 HEPAD Commands 

The Pulse Command'03 (PC #3)  ( S O W  name SEMHD) strobe line is used 
together with level commands DCB's 1 thru 7 to adjust the HEPAD PMT High 
voltage supply from 1500 volts to 2770 volts in 127 equal steps of 10 volts 
each. 

The voltage is given by: V - 1500 + 1OA 

where A equals the decimal value of the bit setting of DCB's 1 thru 7 (DCB 
1 - LSB; DCB 7 - MSB); DCB 8 = don't care. 
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APPENDIX A 

Table of the area F under the normal curve. 

Used for Determination of Z in FWHM Calculation. 

F(Z) 

,500000 
507978 

.515953 
,523 922 
,531881 
.539828 
.547758 
555670 
.563559 
.571424 
.5 7 9260 
.5 87064 
.5 9483 5 
.602568 
.610261 
,617911 
,625516 
,633072 
.640576 
,648027 
.6 55422 
.662757 
.670031 
.677242 
.6 843 86 
.6 91 462 
,698468 
,705401 
.712260 
.719043 
,725747 
.732371 

.745373 
,751748 
.75 8036 
,76423 8 
.7 703 50 
.776373 
,782305 
.7 881 45 
.7 93 892 
.7 99546 

.73 891 4 

l-F(Z) 

.500000 

.492022 

.476078 
46 81 19 
.460172 
,452242 
444330 
.43 6 441 
,428576 
.420740 
.412 936 
.405165 
.397432 
.3 8973 9 
.3 820 89 
, 3 7 4484 
,366928 
.3 5 9424 
.351973 
.344578 
,337243 
.3 2996 9 
.322758 
.3 156 14 
,308538 
.30153 2 
,294599 
.287740 
,280957 
.274253 
,267629 
.261086 
.2 546 27 
.248252 
.241964 
,235762 
.229650 
.223627 
,2176 95 
,211855 
.206108 
.200454 

,484047 

z 

.oo 

.02 

.04 

.06 

.08 

.10 

.12 

.14 

.16 

.18 

.20 

.22 

.24 

.26 

.28 

.30 

.32 

.34 

.36 

.38 

.40 

.42 

.44 

.46 

.48 

.50 

.52 

.54 

.56 

.58 

.60 

.62 

.64 

.66 

.68 

.70 

.72 

.74 

.76 

.78 

.80 

.82 

.84 

For 1 - F(Z), Z is negative. 
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F ( 2 )  

805105 
.810570 
.815 940 
.821214 
.8263 91 
,831472 
.836457 
,841345 
.846136 
.850830 
.855428 
859929 
864334 
.86 8643 
.872857 
.876 976 
.881000 
.884930 
88876 8 
,892512 
.896165 
.899727 
.903 200 
.go6582 
.go9877 
.9130 85 
.919243 
.933193 
,945201 
0 955435 
,964070 
.971283 
.977250 
.986097 
.991802 
.995339 
.997445 
.9986501 
.9997674 
.99996 83 
.9999966 
.9999997 

l-F(Z) 

.194895 

.189430 

.184O60 

.178786 
173609 
.16 8528 
.163 543 
.158655 
.153864 
,149170 
.144572 
.14O071 
.135666 
-131357 
.127143 
.123024 
.119000 
.115070 
.111232 
.lo7488 
.lo3835 
.lo0273 
.O 96 800 . 0 9341 8 
.O 901 23 
.O 86 91 5 
.080757 
.066 807 . 0 547 99 
.044565 
.03 5 93 0 
.02 87 1 7 
,022750 
.013903 
.008198 
.004661 
.002555 
.0013499 . 000 23 26 
.OOOO3 17 
.0000034 
,0000003 

2 

.86 

.88 

.90 

.92 

.94 

.96 

.98 
1 .oo 
1.02 
1.04 
1.06 
1.08 
1.10 
1.12 
1.14 
1.16 
1.18 
1.20 
1.22 
1.24 
1.26 
1.28 
1.30 
1.32 
1.34 
1.36 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
2.0 
2.2 
2.4 
2.6 
2.8 
3 .O 
3.5 
4.0 
4.5 
5.0 

From NBS 55 1964 p .  966 



APPENDIX B 

SEM IFC 

Length: 

IFC Ramp: 

4 phases. 
Each phase consists of 6 major frames, 192 seconds. 

192 Seconds, 0 to 8 volts. 

During spacecraft testing, it is assumed that both IFC commands are given 
simultaneously. 

APPENDIX C 

TED IFC Details 

4 Phases--192 Seconds Each 

1 Ramp 0 to 8.0 V divided down to 1 volt. 

Each phase is run with a different attenuator setting. 

1, Discriminator Thresholds--Determine the threshold on each of 4 channels 
during each IFC phase and limit check. 

Channels with thresholds: OEFD, OPFD, 30EFD, 30PFD. 

Channels with no threshold check but which probably have a complete count: 

ODE1, ODE3, ODE5, ODE7 

30DE1, 30DE3, 30DE5, 30DE7 

ODPl, ODP3, ODP5, ODP7 

30DP1, 30DP3, 30DP5, 30DP7 

OEM, 30EM, OPM, 30PM 

ODEM, ODPM, 30DEM, 30DPM 

2. Background Check--Limit check the OEFD, OPFD, 30EFD, 30PFD channels for 
appropriate levels. 

3. With ASE, check the DE, Em, and DEM channels. 
Note: Use of ASE requires the TED to be in a vacuum. 
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APPENDIX D 

MEPED IFC D e t a i l s  

3 Phases--192 seconds each. The 4 th  phase i s  not  used. 

Ramps: 0 t o  8 V d iv ided  down t o  t h e  ampli tudes l i s t e d  below. 

Detec tor  Amp 1 i t  ud e Phase - Peak Enemy 

D1 D2 D 3  0-3.375 mV 1 75 keV 

D l  D3 0-144 mV 2 3.2 MeV 

D 1  0-450 UIV 10 MeV 

D2 0-1.35 V 3 30 MeV 

D3 0-144 mV 3.2 MeV 

D4, D5, D6 0-54 mV 1-3 1.2 MeV 

1. 
9OP1, O E l ,  9OE1, P6, P7, P8  l i m i t  check .  

Determine FWHM f o r  9 d e t e c t o r s  during Phase 1 us ing  d a t a  channels  OP1, 

2. L i m i t  check o t h e r  channels f o r  spur ious  counts .  

3. Determine th re sho lds  of 1 5  l e v e l  seneors  dur ing  t h r e e  phases a s  fo l lows  
and check l i m i t .  (Note: A l l  channels  except P6, P7, P8 a r e  both 90° and Oo.) 

Phase L 
Data Channel - - Level Sensors  

Proton 1, 7 P1 

E lec t ron  1 E l  

OMNI 1-3 P6, P7, P8 

Phase I1 -- 
Proton 

Elec t ron  

OMNI 

2- 5 

1-4 

1-3 

P2, P3 ,  P4 

E l ,  E2, E3 

P6, P7 ,  P8 
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MEPED IFC (cont .) 

Phase I11 
__I- 

Proton 1 ,  8 

Ion 6 

Electron 1-4 

om1 1-3 

P5 

I 

El, E2, E3 

P6, P7, P 8  

4. Background limit check--During the IFC sequence, the DPU automatically 
gates the IFC pulses on/off at a 1 / 2  Hz rate so that the preamp alternately 
sees background and background plus calibration. 

5. 
exceed limits. 

During periods with no IFC, check all channels for backgrounds which 
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APPENDIX E 

HEPAD IFC De ta i l s  

4 Phases--192 seconds each 

3 Ramps 

Detect o r  Amp 1 i t  ude Phase Energy 

D1,  D2 0 t o  16, 0 t o  9 mV 1-4 0-0.76 MeV 

PMT 1, 2 0-800 pho toe  l ec  t rons 

PMT 3 J  0-320 V I  

1. Determine FWHM f o r  2 d e t e c t o r s  and PMT and check l i m i t s .  

Detector - Data Channel -- IFC Phase Remarks 

D 1  s1 1-4 Avg. of 4 

D2 S2 1-4 Avg. of 4 

PMT s3 3 J  Avg. of 2 

2. 
check l i m i t s .  -- Phase 1 2 XHinh Gain) 

Determine thresholds  of 10 l e v e l  sensors  during 4 phases a s  follows and 

Level Sensor -- Data Channel Remarks 

1 s3 Avg. of 2 readings 

7 S2 

9 s1 

4, 5 P4 

5 s 4  

10, 6 A 1  

6 A2 

* The f i r s t  LS determines the  cu t  on threshold;  the  second the  cu tof f .  
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APPENDIX E (cont . )  

HEPAD PARAMETERS ( C O W . )  

-A Phase 3 4 (Low Gain) 

Level Sensor 

1 

7 

9 

9, 2 

2, 3 

3, 4 

4, 8 

- Data Channel 

53 

s2 

s1 

P1 

P2 

P3 

P4  

Remarks 

Avg. of 2 readings 

*The f i r s t  LS determines the  cu t  on threshold ;  t h e  second t h e  cu to f f .  

3. 
l e v e l  sensors  as follows and check l i m i t s .  

Determine the  double and t r i p l e  coincidence e f f i c i e n c y  f o r  s i x  p a i r s  of 

Level Sensor - Data Channel 

9, 2 P1 

2, 3 P2 

3, 4 P3 

4, 5 P4 

10, 6 A 1  

6 A2 

4. 
exceed l i m i t s .  

During per iods with no IFC, check a l l  channels f o r  backgrounds which 
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APPENDIX F 

Detector and Level Sensor Cross Reference 
- 

I /Thresholds Determined I FWHM I I 
I Levels lLeve1 Sensor I I Detector I I I 

I- 
I 
I I Used I IIFC I IIFC I I 
I Channel 1 Islope Islope I Islope Islope I I I 
I I I I I I I -.I-- I I 

I I I I I I 

I Dsta t ]Rising )Fa1 ling )Phase )Rising )Fa1 ling ]Phase \Remarks I 

I I 
I MEPED 1 

I 

I 

I 

I 

I 

OP1 I 1, 2, 7 

90P1 I 1, 2, 7 

OP2 I 2, 3, 7 

9oP2 I 2, 3, 7 

OP3 

90P3 

OP4 

90P4 

OP 5 

3, 4 ,  7 

3, 4 ,  7 

4 ,  5 ,  7 

4 ,  5, 7 

5, 6, 8 
I I 

I W P 5  
I I 
I 01 1 6  
I I 
I 901 I 6 
I I 
I P 6  I 1 
I I 
I P 7  I 2 
I I 

f 5 ,  6, 8 

I P8 
I 
I OEl 
I 
I 90E1 
I 
I OE2 
I! 
I 90E2 
I 
I 033 
I 
I W E 3  

3 

1, 4 

1, 4 

2,  4 

2, 4 

3, 4 

3, 4 

I 
I 
I 
I 1  
I 
I 1  
I 
1 2  
I 
1 2  
I 
I 3  
I 
1 3  
I 
1 4  
I 
I 4  
I 
1 5  
I 
1 5  
I 
1 6  
I 
1 6  
I 
I 1  
I 
1 2  
I 
1 3  
I 
1 1  
I 
I 1  
I 
1 2  
I 
I 2. 
I 
1 3  
I 
I 3  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 
I 

1 I I I I 
I I I I I 

I I I 1 I 

1 I I I 1 
3 1  2 1  I I I 

I I I I I 
3 1  2 1  I I I 

I I I I I 
4 1  2 1  I I I 

I I I I I 
4 1  2 1  I I I 

I 1 I I 1 
5 1  2 1  I I I 

I I I I I 
5 1  2 1  I I I 

I I I I I 
8 1 2 , 3 1  I I I 

I I I I I 
8 1 2 , 3 1  I I I 

1 I I 1 1 
I 3 1  I I 1 
I I I I I 
I 3 1  I I I 
I I I I I 

I I I I I 
I 1 ,2 ,3 l  D5 I 11,2,31 
I I I I I 

7 I 1 IOD1 I OD2 1 1  I 

7 I 1 190D1 I 90D2 I 1 I 

I 1,2831 D4 I i i m  1 

I I 
4 I 1 I OD3 

I I 
4 1 1 190D3 

I I 
4 l 2 , 3  

4 l 2 , 3  

4 I 2 , 3  

4 1 2 , 3  

I 

I 

I 

1 1 1  
I I 
1 1 1  
I I 
I I 
I I 
I I 
1 I 

I I I 
I I I 
I I I 

I 
I 
I 
I 
I 
I 

11 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2/ I 
I 

2/ I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



APPENDIX F (Cont'd) 

FWHM I I 
I I 

I I (Thresholds Determinedl 
I I Levels ILevel Sensor I I '  Detector I 
I .  I Used I I IFC I 1 IFC I I 
I ilata I IRisinglFallinglPhase IRieing IFalling IPhaselRemarks I 
I Channe 1 1 JSloDe ISloDe I Islope Islope I I I 
I HEPAD I I I I 1 I 1 I 3/ I 
I I I I I I 1 I I I 
I s1 I 9 I 9  I I 1-4 I D1 I I 1-4 I I 
I I I I I I I I I I 
I s2 I 7 1 7  I I 1-4 I D2 I I 1-4 I I 
I I I I I I I I I I 
I s3 I 1 1 5  I I 1,2 1 I I I I 
I I I I I I I I I I 
I s4 I 5 1 5  I I 1,2 I I I I I 
I I I I I I I I 1 I 
I P1 11,7,9,2, I 9  I 2 I 3 , 4 1  I I I I 
I I 8,lO I I I I I I I I 
I P2 11,7,9,2,3, I 2 1 3 I 3,4 I I I I I 
I I 8,lO I I I I I I I I 
I P3 11,7,9,3,4, I 3 1 4 I 3,4 I I I I I 
I I 8,lO I 1 5 I 1,2 I I I I I 
I P4 11,7,9,4,5, I 4 I 8 I 3,4 I I I I 4/ I 
I I 8,lO I 1 I I I I I I 
I A1 l1,7,9,5,6, I 10 I 6 I 1,2 I I I I I 
I I 8,lO I I I I I I I I 
I A2 11,7,9,6, 1 6  I 1 1,2 I 1 I I I 
I I 8,lO I I I I I I I I 
1 TED I I I I I I I I I 
I I I I I I I I I I 
I OEFD I I I I I I I I 5/ I 
I I I I I I I I I I 
I OPPD I I I I I I I I I 
I I I I I I I I I I 
1 30EFD I I I I I I I I I 
I 1 I I I I I I I I 
I 30PFD 1 I I I I I I I I 
I I I I-- I I I 1- I I 
1/ Level sensors 3, 4, and 5 can be determined from the cut on (rising 
slope) or cutoff (falling slope) in two adjacent data channels. It is only 
necessary that one or the other method be used. 

2/ Channel P5 has an ''or" logic condition of 1, 5, 7, 8. LS 5 is measured in 
IFC phase 2 with the 5, 6, 8 logic. LS 8 is measured in IFC phase 3 with the 
1, 5, 7, 8 logic. 

3/ Same note as l-/ except level sensors 2, 3, 4, 5, and 6 are involved. 

4/ 
3 and 4. 

LS 5 is determined during phases 1 and 2. LS 8 is measured during phases 

5/ 
set to 4 discrete values by gain and attenuator settings. 
measures one gaidattenuator condition. 

The TED has only one level sensor per channel; the level however can be 
Each IFC phase 
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APPENDIX G 

In t eg ra t ion  Time 

Channe 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- TED A l l  Channels 1 s  

MEPED 01 901 8 s  
A l l  Other Data Channels 1 s  

see  notes  below 

HEPAD A l l  Primary Data Channels 4 8  
s1, s2, s3 94 m s  
s4 2.5 s 
s5 1 .2  s 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

During MEPED IFC, t h e  DW a l t e r n a t e l y  looks a t  MEPED background f o r  1 second 
and the  IFC s i g n a l  f o r  1 second while  a t  the  same t ime mul t ip lex ing  between 
te lescopes .  

During MEPED IFC the  i n t e g r a t i o n  time f o r  01 and 901 i s  4 seconds. 
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APPENDIX H 
D i g i t a l  A Telemeter Assignments 

Telemeter Data by Minor Frame Number 

TED Mode 1 = normal DPU Mode 1 = TLM format 1 

0 
0 1  

OP1 

1 
OP 2 
OP3 

2 
OP4 
OP 5 

3 
OEl  
OE2 

4 
OE3 
P1 

5 
ODEl 
P2 

6 
ODE3 

P3 

7 
ODE5 

P4 

8 
ODE7 

A 1  

9 
A2 

OEM OPM 

10 

20 
90 I 

Bias  - 
21 - - 
22 - - 
23 - - 
24 

s 5  

25 
30DE1 

s 4  

26 
3 ODE3 
s1 

- 

27 
3 ODE5 
S2 

28 
30DE7 

s3 

29 
MEP E B - -  

30 
30EM 30PM - - 

90P 1 - 
11 31 

90P2 - 
90P3 - 

40 
MEP P 
Bias  - 
41 - - 
42 - - 
43 - - 
44 

P1 

45  
ODPl 

P2 

46 
ODP3 

P3 

47 
ODP 5 

P4  

48  
ODP 7 

A 1  

49 
A2 

- 

- L  

50 - -  
- 
51 - 
- 

60 
MEP 
Omni T - 

6 1  - - 
62 - 
- 
63 - - 
64 

s 5  

65 
3 ODP 1 

s 4  

66 
30DP3 

s1 
67 

3 ODP 5 
S2 

6 8  
3 ODP 7 

s3 

69 
spa re  

- 

- c  

70 

- 
71 - - 

80 
MEP 
El T - 

81 
I - 
82 - 
- 
83 - - 
84 

P1 

85 
ODEl 

P2 

- 

86 
ODE3 

P3 

87 
ODE5 

P4 

88 
ODE7 

A 1  

89 
A2 - -  
90 - -  - 
91 - - 

100 
MEP P 
T e l  T - 
101 - - 
102 

- 
103 - - 
104 

s 5  

105 
30DE1 

s4 

106 
30DE3 

s1 

107 
30DE5 
S2 

10 8 
30DE7 

53 

109 
spa re  

- 

- -  
1 l o  - -  
- 

111 - - 

120 
MEP E 
T e l  T - 
121 - - 
122 - - 
123 - 
- 

124 

P1 

125 
ODPl 
P2 

126 
ODP3 

P3 

127 
ODP 5 
P4 

128 
ODP7 

A 1  

129 
A2 

- 

- -  
130 - -  - 
131 

- 

140 
DPU 
T - 
141 - - 
142 - 
- 

1 43 - 
- 

144 

s 5  

145 
3 ODP 1 

s 4  

146 
30DP3 

s1 
147 

3 ODP 5 
92 

148 
30DP7 

s 3  

149 
s p a r e  

- 

- -  
150 - -  
- 

151 - 
- 

1 0 2  



12 32 51 72 92 112 132 152 - - - - 90P4 - - 
9OP 5 - - - - - - - 
13 33 53 73 93 113 133 153 - - - 90E1 - - - - 

90E2 - - - - - - - 

1 5  35  55 75 95 115 135 155 
P7 
P8 P8 P8 P8 P8 P8 P8 P8 

- - - - - - 

16 36 56 76 96 116 136 156 - - - - - - - OEFD 
OPFD - - - - - - - 

17 37 57 77 97 117 137 157 - - - - - - - 30EFD 
3 OPFD - - - - - - - 

1 8  38 58 78 98 118 138 158 - - - - - ODEM - - 
OPDM - - - - - - - 

1 9  39  59 79 99 119 139 159 - - - - - - - 3 ODEM 
30DPM I - - - - - - 

I I I I 
2 s  4 s  8 s  16 s 

MEPED Code abc a = 0, 90 f o r  0 and 90 degrees  
b E, P f o r  e l e c t r o n s  and pro tons  
c = 1 t o  3 f o r  e l e c t r o n  energy 

1 t o  6 f o r  pro ton  energy 
BK f o r  background 

aEl aE2 aE3 aP1 aP2 aP3 aP4 aP5 
30 100 300 keV 30 80 250 800 2500 keV 

i f  a is  miss ing:  b - P 
P6 P7 P8 
16 35  70 MeV 

Energy numbers are  t h e  low ends of t h e  ranges.  
The l i s t  he re  does not  i n d i c a t e  which s i g n a l s  a re  f o r  a f i n i t e  range 
and which a r e  i n t e g r a l .  
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TED 1 DPU 1 T h i s  page f i t s  a t  the  r i g h t  of page 102. 

160 
01 

OP 1 

161 
OP2 
OP3 

162 
OP4 
OP 5 

163 
OEl 
OE2 

164 
033 
P1 

165 
ODE1 
P2 

166 
ODE3 

P3 

167 
ODE5 
P4 

16 8 
ODE7 

A 1  

169 
A2 

OEM OPM 

170 

180 
901 

- 
181 - 
- 

1 82 - - 
1 83 - - 
184 

s 5  

1 85 
3 ODE 1 

54 

1 86 
3 ODE3 

s1 

187 
30DE5 

s 2  

188 
3 ODE 7 

s3 

189 
spare 

- 

- -  
1 90 

30EM 30PM - - 
90P1 - 
171 191 

9OP 2 - 
90P3 - 

200 
spare 

- 
20 1 - - 
202 - 
- 

203 - - 
204 

P1 

20 5 
ODPl 

P2 

206 
ODP3 
P3 

207 
ODP 5 

P4 

20 8 
ODP 7 

A 1  

20 9 
A2 

- 

- -  
210 - -  
- 

21 1 - 
- 

220 240 
TED E TED P 
ch PS - 
221 - - 
222 - - 
223 - 
- 

2 24 

s 5  

225 
30DP1 

s4 

2 26 
3 ODP3 
s1 
227 

30DP5 
s 2  

22 8 
3 ODP 7 

s3 

22 9 
spare 

- 

- -  
230 - -  
- 

23 1 - 
- 

ch PS - 
241 - - 
242 - 
c 

2 43 - - 
244 

P1 

245 
OEBK 

P2 

2 46 
OPBK 
P3 

247 
30EBK 

P4 

248 
3 OPBK 

A 1  

249 
A2 

- 

- -  
2 50 - -  
- 

251 - 
- 

1 0 4  

26 0 
TED 

T - 
26 1 - - 
262 - - 
263 - - 
264 

s 5  

26 5 
TED b i t s  

54 

266 

s1 

26 7 
DPU 1 2 V  

s 2  

26 8 

- 

DCB 1-8 

TED ramp 

s3 

26 9 
spare - -  

270 - -  
- 

271 - 
- 

280 
REP PMT 

PS - 
2 81 

L - 
2 82 
L 

L 

2 83 - - 
2 84 

P1 

2 85 
b i t s  

P2 

2 86 
PC1-4 

P3 

2 87 
HEP ELT 

P4 

2 88 
TED 
CUPS 

A 1  

2 89 
A2 

- 

- -  
2 90 - -  
- 

2 91 - - 

300 
HEP 
Bias  - 
301 - - 
30 2 - 
- 

303 - 
- 

304 

55 

305 
sync f 3  

54 

306 

51 

307 
HEP PMTT 

52 

30 8 
DPU 
ramp 

53 

309 
spare 

- 

sync ,50 

- -  
310 
C L  

- 
311 - 
- 



TED 1 DPU 1 This page f i t s  a t  the  r i g h t  of page 103. 

1 7 2  
90P4 
90P5 

192 - - 
21 2 - 23 2 - - 

252 - - 
27 2 - - 

2 92 - - 
312 - 

173 
9OE 1 
90E2 

1 93 - - 
213 233 2 53 273 - - 

2 93 - - 
313 - - 

174 
90 E3  
P6 

194 - 
- 

27 4 - - 
2 94 - 314 - 

175 
P7 
P 8  

195 - 215 - - 
23 5 - - 

25 5 - - 
275 - - 

295 - 
- 

315 - 
- 

176 
OEFD 
OPFD 

196 - 276 - - 
316 - 
- 

2 96 - 
- 

1 7 7  
3 OEFD 
3 OPFD 

197 - 
- 

27 7 - - 
2 97 - - 

317 - - 
178 
ODEM 
OPDM 

21 8 23 8 258 - - - 27 8 - 2 89 - 31 8 - 

179 
3 ODEM 
3 ODPM 

199 - 21 9 - - 
23 9 25 9 27 9 - - 

299 - 319 

24 s 32 8 

minor frame number 
da t a  i n  word 20 - means same a s  a t  l e f t .  
da ta  i n  word 21 Where da t a  have two codes: 

4 b i t s  a r e  used by each (frame 9, 10 ) .  

xxx 
YYYY 
zzzz 

TED code abc 
a = 0, 30 f o r  0 and 30 degrees 

i n  b E = e l e c t r o n s  
P 0 protons 

I n  TED codes E and P do not appear alone. 
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TED Mode Proton Dwell DPU Mode 1 = TLM format 1 

5 
ODPl 

25 
30DP1 

45 
ODPl 

65  
30DP1 

85 
ODPl 

105 
3 ODPl 

125 
ODPl 

145 
30DP1 

1 46 
3 ODP3 

6 
ODP3 

26 
30DP3 

46 
ODP3 

66 
3 ODP3 

86 
ODP3 

106 
3 ODP3 

126 
ODP3 

7 
ODP5 

27 
3 ODP 5 

47 
ODP5 

67 
3 ODP5 

87 
ODP5 

107 
3 ODP 5 

127 
ODP5 

147 
3 ODP 5 

6 8  
30DP7 

88 
ODP 7 

108  
30DP7 

128 
ODP 7 

148  
3 ODP 7 

8 
ODP 7 

28  
30DP7 

48 
ODP 7 

149 9 29 49 6 9  89 109 129 

OPM OPM - -  
130 - -  150 - -  10 30 50 70 90 1 l o  - -  - -  - -  30PM 30PM - - 

16 31 51 71 91 111 - - - - - OPFD 
OPFD - - - - - 

131 - 
- 

151 - - 
1 7  37 57 77 97 117 - - - - - 3 OPFD 

3 OPFD - - - - - 
137 - - 

157 - - 
18 38 58 7 8  98 118 - - - - - ODPM 

ODPM - - - - - 
13 8 - 158 - - 

19 39 59 79 99 119 - - - 3 ODPM 
3 ODPM - - - - - 

139 - - 
159 - 
- 

continued on next  page 

TED Mode E lec t ron  D w e l l  i s  same a s  Proton D w e l l  except a l l  P symbols l i s t e d  
he re  i n  rows beginning wi th  5 - 10,  16 - 1 9  a r e  E. 
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This page fits at the right of page 106. 

165 185 20 5 
ODP 1 3 ODP 1 ODPl 

225 245 26 5 
3 ODP 1 OPBK 

2 85 305 

166 1 86 206 
ODP3 3 ODP3 ODP3 

2 26 2 46 266 
30DP3 OPBK 

2 86 306 

167 187 207 
ODP5 30DP5 ODP5 

227 247 26 7 
30DP5 30PBK 

2 87 307 

168 188 20 8 
ODP7 30DP7 ODP 7 

228 248 26 8 
3 ODP 7 3 OPBK 

288 30 8 

16 9 189 20 9 229 249 26 9 2 89 30 9 

OPM OPM - - _ c  

170 190 210 
c -  30PM 30PM - - 2 90 - -  3 10 - -  

176 196 216 
OPFD - - 
OPFD - - 

236 256 276 - - - 2 96 - - 
316 - 
- 

177 197 21 7 
30PFD - - 
3 OPFD - - 

2 97 - 317 - 

178 198 21 8 - - ODPM 
ODPM - - 

298 - - 
318 - 
- 

1 7 9  199 21 9 
30DPM - 
3 ODPM - - 

299 - - 
31 9 - - 

TED normal DPU mode 2 - TLM format 2 

45 65 
ODEl  30DE1 

125 145 20 5 225 
ODEl  30DE1 ODEl 30DE1 

46 66 
ODE3 3 ODE3 

126 1 46 206 2 26 
ODE3 3 ODE3 ODE3 3 ODE3 

47 67 
ODE5 30DE5 

127 147 20 7 2 27 
ODE5 3 ODE5 ODE5 30DE5 

48 68  
ODE 7 30DE7 

128 148 20 8 228 
ODE7 30DE7 ODE7 30DE7 

1 0 7  



APPENDIX I 

Acronyms and Letter Groups 

CDA 
C U P S  
DCB 
DPU 
FACC 
GSFC 
IFC 
LC 
LD 
HEPAD 
HVPS 
MEPED 
NESDIS 
PC 
SAT 

SEL 
S ELDAD S 
SEM 
SESC 
socc 
SSD 
TED 
TIP 
TLM 

SIC 

Command and Data Acquisition 
Cylinderical Electrostatic Analyzer Power Supply 
Data Command Bit also Digital Command Bit 
Data Processing Unit 
Ford Aerospace and Communications Corporation 
Goddard Space Flight Center of NASA 
In-Flight Calibration 
Level Command 
Level Detector 
High Energy Proton and Alpha Detector 
high voltage power supply 
Medium Energy Proton and Electron Detector 
National Environmental Satellite Data and Information Service, N O M  
Pulse Command 
Select at Test (means choose value during manufacture) 
Spacecraft 
Space Environment Laboratory, NOAA, Boulder 
SEL Data And Display System 
Space Environment Monitor 
Space Environment Service Center, SEL, NOAA, Boulder 
Satellite Operations Control Center of NESDIS, Suitland, Maryland 
Solid State Detector 
Total Energy Detector 
TIROS Information Processor 
Telemeter 
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